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Abstract

The world’s elderly population is rapidly growing and so is life expectancy. Most older adults
prefer to maintain independent living. Physical activity has been proven to offer a better quality of
life with several physical and psycho-social health benefits, helping to maintain a satisfactory
cognitive, mental and physical state for older adults. It delays function decline and minimizes the

rate of mortality, depression, and disabilities.

In this research, a robotic system is developed as a personal coach for older adults. The system
aims to motivate older adults to participate in physical activities. The robot instructs the
participants and demonstrates the exercises. It also provides real-time corrective and positive
feedback according to the performance of the participants as monitored by an RGB-D Kinect
camera. Two robotic systems were developed and implemented using the Python programming

language.

Experimental studies, composed of a preliminary experiment followed by an experiment with two
different humanoid robots (Nao and Poppy), aimed to determine the best timing and mode of
feedback that would accommodate user preferences, motivate the users and improve their
interaction with the system. A comparative study was also carried out to explore user preferences
while training with the two forms of humanoid robots and to determine which of the robots gives

better satisfaction.

A preliminary experiment was conducted with ten older adults, aged 67-85, in a home-like
environment to keep the interaction as natural as possible. A simulated form of the Nao robot was
used, due to a failure in the real robot. Yet, the results revealed that 70% of the participants

expressed their intention to use the system in the future.

This gave the motivation for a follow-up study with thirty-two older participants, aged 70-88. The
experiment was a between-within design where the independent variables were the timing and
mode of feedback and the type of humanoid robot. Each older adult interacts with Nao and Poppy
robots at different sessions in a randomized order as the feedback preferences are being assessed.
The dependents variables are perceived usefulness, ease of use, attitude and behavioral intention
to use which were assessed both objectively and subjectively. The study reveals the potential of a

robotic system to provide older adults with the independence and motivation to participate more



effectively in physical activities which is beneficial to their health and general wellbeing. The

research provides specific design guidelines with special focus on feedback design.

The results revealed that the system fulfills the aim of motivating older adults to engage more in
physical exercises. Most of the users perceived the system as very useful and easy to use. Users
had a positive attitude towards the system and noted their intention to use it. Continuous feedback
significantly increased positive attitude, engagement and ease of use of the system. The results
also revealed that the Poppy robot engaged the users more than the Nao robot. This is probably
due to the more technical features of the Poppy robot versus the more toy-like Nao robot. Audio
and visual feedback is the preferred mode of feedback with regards to ease of use of the system

and the engagement.

The specific thesis contributions are the development of a physical robotic system, and the
evaluation of feedback and type of robot in HRI for older adults. Specifically, the research focused
on which forms of feedback should be given, how should the feedback be given and when should
the feedback be given to improve the experience that the older adults have while interacting with

the robot during the exercise sessions.
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1 Introduction
1.1 Problem description

The aging population rate is rising rapidly (United Nations, 2017) while the number of caregivers
and nurses is deteriorating (Buerhaus, 2008). The high cost of long-term care for older adults is
an issue that cannot be ignored and it increases the financial burden on public health service and

family members (Aurilla & Arntzen, 2011).

There are several solutions to provide long-time care for older adults using technological aids such
as smart homes (Demongeot et al., 2002), virtual caregivers (Albaina, Visser, Van Der Mast, &
Vastenburg, 2009), wearable safety monitoring sensors (Patel, Park, Bonato, Chan, & Rodgers,
2012; Primer & Guide, 2016) and robots. Some of the eldercare robot applications include
providing physical support to the older adults, social interaction, cognitive stimulation and safety
monitoring (Table 1). It is important that the robots should augment the quality of life for the older
adults yet not take away what they enjoy about life (Lewis, Metzler, & Cook, 2016a).

The decline of physical and mental capability with age is unavoidable (McMurdo & Rennie, 1993;
Salguero, Martinez-Garcia, Molinero, & Marquez, 2011). Inactivity of older adults often results in
functional decline, loss of independence and increased disease burden (Phillips, Schneider, &
Mercer, 2004). Exercises can delay, prevent, or even reverse these effects (Phillips et al., 2004).
However, older adults do not engage in exercises as much as is recommended for their health

(Phillips et al., 2004).

Several technologies have been developed to encourage physical activities (7Table 3) such as exer-
games for mobility, virtual reality simulator, smartphone applications, embodied conversational
agents and Wii Fit. Some studies used video-based games and dance to motivate the older adults
for exercise (Brox et al., 2016) while some other studies compared the effectiveness of physical

robot coaches and virtually embodied coaches (Fasola & Mataric, 2013).

Robot coaches have also been used to encourage children exercising. The robot coach was effective
in terms of companionship and social interaction (Guneysu & Arnrich, 2017). It has been shown
that a robot coach could be as effective as a human coach (Ramgoolam, Russell, & Williams,

2014).



Positive feedback during exercise sessions has a significant beneficial effect on the experience of
older adults (Fasola & Mataric, 2013; Lewis, Metzler, & Cook, 2016b). The timing (Mirnig,
Riegler, Weiss, & Tscheligi, 2011) and mode of feedback have an influence on the interaction with
the system and its effectiveness (Baraka & Veloso, 2018; Rosati, Roda, Avanzini, & Masiero,
2013). However, the specific mode of feedback and form of timing must be identified in order to

ensure continuous motivation for the older adults during the physical exercise session.

1.2 Objectives

In this thesis, we developed a robotic system for physical training of older adults. The research
presents the system design and its implementation and focuses on how to utilize appropriate mode
and timing of feedback to generate a pleasurable, encouraging and stimulating experience for the
older adults during their exercise sessions. Preferences of the older adults regarding the type of

robot are also explored to further improve the interaction. The specific objectives are to:

1. Develop a physical training system for older adults.

2. Explore the most suitable timing of feedback that will motivate the older users.

3. Identify the mode of feedback that will improve social interaction with the system.
4

Compare training experience with two different humanoid robots.

10



2 Literature review

The scientific background related to the different parts of the research is reviewed in this section
including older adults (2.1), physical activity (2.2), technologies for enhancing physical activity
(2.3), and finally a review of feedback in HRI (2.4).

2.1 Older adults

The common definitions for the terms ‘elderly’, ‘old age’ are often associated with decline and

deterioration in health, vitality, social usefulness and independence (Victor, 1994).

The population that is 60 years and above, rapidly grows in most of the countries at an average of
about 3% per year (United Nations, 2017). In 2017 there are 962 million elders, and the predictions
are for 1.4 billion in 2030, 2.1 billion in 2050 (22% of the world’s population (Rezende, Matsudo,
& Luiz, 2014)) and 3.1 billion in 2100 (United Nations, 2017). Furthermore, in 2050, the
population above 80 years old will be three times more than today (United Nations, 2017). Life
expectancy worldwide grew from 65.3 in 1990 to 71.5 in 2013 (Abubakar, Tillmann, & Banerjee,
2015). On the other hand, there is a decline in fertility rates (Sakamoto, Fern, Han, & Tong, 2016)

and as a result, the rate of nurses and caregivers is already in shortfall (Fasola & Matari¢, 2012).

The main reasons that this population has grown consistently over the last decades is due to the
progress in medicine and treatment, better understanding of healthy lifestyles such as physical
exercise, mental exercise, food intake, supportive environment, and better social security for the

older adults (Lewis et al., 2016a).

People above 65 years old are considered older adults (Czaja, Boot, Charness, & Rogers, 2019).
However, there is a significant distinction between “younger-old” adults, (65-74 years), “old-old”
adults (75-84 years) and “oldest old” (85+ years) (Czaja et al., 2019; Parry & McCarthy, 2017). It
is reflected in their lifestyle, health level and participation in the number of activities (Eisma et al.,

2003).

As people get older, their body changes and cognitive abilities may deteriorate (Murman, 2015).
Cognition is divided into two roles, maintaining communication with other people and maintaining
independence (e.g., taking medications alone, driving safely, managing the household). The
cognitive speed could drop by approximately 40—60% at age 80, and memory could decline at

older ages (Christensen, 2001). The physical and sensory function may also deteriorate (Murman,

11



2015). There could be a loss of muscle mass, loss of strength, and physical performance which
leads to increased fear of falling, and decline of muscle mass and physical performance which
deteriorates the quality of life (Trombetti et al., 2016). It is estimated that 25-50% of people older
than 85 years are estimated to be frail. These people have a substantially increased risk of falls,

disability, long-term care, and death (Clegg, Young, Iliffe, Rikkert, & Rockwood, 2013).

Older adults desire to choose where and how they age in place (Wiles, Leibing, Guberman, Reeve,
& Allen, 2012) and they want to live independently as long as possible (Bedaf, Gelderblom, & De
Witte, 2015). They prefer not to be institutionalized in sheltered homes, or nursery homes even if
they suffer from health and age-related problems (Broekens, Heerink, & Rosendal, 2009). It was
discovered that people who live in the same place as they grow old, have a greater sense of security
and familiarity both in their homes and in their communities (Wiles et al., 2012). They feel more
independent and important since they have long-lasting relationships in their communities (Wiles
et al., 2012). However, to fulfill this, the older adult should be suitable physically and cognitively
able (Wiles et al., 2012). Unfortunately, some age-related physical and mental complications are
common (McMurdo & Rennie, 1993; Salguero et al., 2011). Research has shown that being
physically active can delay and reduce this phenomenon (WHO, 2010).

2.1.1 Motivation factors for the older adults

Technology has the potential to provide support for the rapidly growing older adult population,
even though, it has been slowly adopted by this population (Mitzner et al., 2016). The common
perspective is that seniors do not adopt innovative technologies because they do not have
experience with it and they are anxious about it (Czaja et al., 2006). Two main reasons influence
the older adults low motivation: lack of commitment and the degree of investment they need to

succeed in using technology (Leonardi, Mennecozzi, Not, Pianesi, & Zancanaro, 2008).

“To be motivated means to be moved to do something* (Ryan & Deci, 2000). Motivation can be
divided into intrinsic and extrinsic motivation (Legault, 2016). Intrinsic motivation refers to
behavior that is driven by internal rewards (Legault, 2016) and results in excellent learning and
creativity (Ryan & Deci, 2000). An example of intrinsic motivation in this context of a robotic
coach is a robot that never gives negative feedback in order to avoid diminishing intrinsic
motivation to engage in the exercise task (Fasola & Mataric, 2013). In contrast, extrinsic

motivation involves engaging in a behavior in order to earn external rewards or avoid punishment

12



(Legault, 2016; Ryan & Deci, 2000). Example of extrinsic motivation in the context of a robotic
coach can help short-term processes (Fasola & Matari¢, 2012) while intrinsic motivation can help

long-term processes (Vallerand & Reid, 1984).

Important factors that influence the intrinsic motivation level of older people are (Pyae, Luimula,

& Smed, 2016):

1. Social functioning (Krause, Frank, Dasinger, Sullivan, & Sinclair, 2001; Maclean, Pound,
Wolfe, & Rudd, 2002; Santus, Ranzenigo, Caregnato, & Inzoli, 1990; Shimoda &
Robinson, 1998) as found in networked games, multiplayer games, and inter-generational
games (Pyae et al., 2016). For example, in the study of Aarhus at el. the older adults were
motivated by the fact that their grandchildren play Nintendo Wii with them (Aarhus,
Gronvall, Larsen, & Wollsen, 2011).

ii.  The relationship between the caregivers or the therapist and the older adults (Barry, 1965;
Maclean et al., 2002).
iii.  The seniors having personal goals. For example, “How will achieving the goal change their

life” (Phillips et al., 2004).

Other motivational factors for older adults are information from healthcare professional (White et
al., 2012), positive feedback, positive reinforcements, encouragement from caregivers (Brox et al.,
2016; Van Vliet & Wulf, 2006) music (Knight & Wiese, 2011) and competition (that can be
demotivating too) (Aarhus et al., 2011).

2.1.2 Robot applications for older adults

In the last two decades, there has been a rise in the development of social robots (Broadbent, 2017)
but still the research on older adults’ interaction with robots is in its infancy (Zafrani & Nimrod,
2019). Robots have been developed for several applications to help people at their homes, schools,
shopping malls, hospitals and so on (Broadbent, 2017). Daily living activities of older adults have
been classified into activities of daily living (ADLs), instrumental activities of daily living
(IADLSs) and enhanced activities of daily living (EADLSs) (Smarr et al., 2012). ADLs involve self-
maintenance activities such as feeding, bathing, and eating while IADLs involves activities where
the older adults get to relate with the external environment such as shopping, transportation use,
etc. (Lawton, 1990). EADLs are activities that engage the older adult in social and enriching

activities (Rogers, Meyer, Walker, & Fisk, 1998). Physical activities and exercise sessions fall

13



under the EADL category and have been revealed to be very relevant to healthy aging (Fasola &
Mataric, 2013).

2.1 Physical activity

Physical activity is defined as “any bodily movement produced by skeletal muscles that result in
energy expenditure” (Caspersen & Christenson, 1985). It is proven that the fourth leading risk
factor for global mortality, accounting for 6% of deaths globally, is physical inactivity (United
Nations, 2017). In addition, it is estimated to be the main cause for approximately 21% - 25% of
breast and colon cancers, approximately 30% of ischemic heart disease burden and 27% of

diabetes (United Nations, 2017).

The worldwide cost of physical inactivity through health-care systems and productivity losses was
$67.5 billion in 2013, of which $31.2 billion was paid by the public sector, $12.9 billion by the
private sector, $9.7 billion by households and $13.7 billion were responsible for productivity losses

related deaths (Ding et al., 2016).

It is also proven that physical activity provides health benefits for older adults and is directly
correlated to a reduction in mortality, morbidity, and disability (Czaja et al., 2019; Gorman et al.,
2014; Healy, Winkler, Owen, Anuradha, & Dunstan, 2015; Landi et al., 2007; Nied & Franklin,
2002). It assists in improving cognitive function (Northey, Cherbuin, Pumpa, Smee, & Rattray,
2018) and maintaining good physical and psychological health and well-being. It also helps in
reaching or maintaining a healthy weight, preserving physical function, mobility and
independence, maintaining social contacts and remaining engaged with the local community,
engaging in opportunities involving learning new skills and experiences, maintaining higher levels
of energy and vitality, improvements in quality and quantity of sleep and lower levels of anxiety
and depression, improved mood and self-esteem (British Heart Foundation National Centre, 2015;
Crespo, Idrovo, Rodrigues, & Pereira, 2016). According to UK Medical Officers’ guideline,
regular exercises reduce chances of type 2 diabetes by 40%, cardiovascular disease by 35%, falls,
dementia, and depression by over 30%, joint and back pain by 25% and colon and breast cancer

by 20% (Reid & Foster, 2017).
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Table 1 presents robot applications for older people in three categories: pet robots, mechanoid robots, and humanoid robots. The table

includes assistive robots as well as mental, healthcare and social companionship robots.

Table 1: Robot applications for older adults

Type Technology Description & Purpose Category ;zzi:lg;on Feedback from robot Activity Monitoring Reference
Paro A therapy seal robot for seniors. It Social Robot; Facial expressions, Provides gestures and Tactile detection using tactile | (Wada &
has a white surface in the form of Therapy; sight, gestures, facial expressions. This Sensors. Shibata, 2007)
fur. There are tactile sensors on the | Robotics speech and tactile depends on the person and
4 . robot's body and the fur creates a sense. the environment.
" natural feeling when the user EADL
] - touches the robot.

A robotic dog used in therapy Social Robot; It has an illuminated | - - (Banks,
sessions for seniors feeling lonely in | Therapy Robot | face to communicate Willoughby, &
a long-term care facility. It can hear, detection of Banks, 2008;
see, and perceive commands. It also | EADL impulses. Bemelmans,
learns, expresses emotions and can Gelderblom,
adapt to its environment. Jonker, & De

@ Witte, 2012)

e It is a cat-like communication and Social Robot; Gestures It stretches his body, Tactile detection using tactile (Libin & Libin,

= mental health robot with artificial Mental Health opens and closes its eyes, | sensors. 2003)
intelligence. It also has multiple Robot moves its tail, meows, and
built-in sensors to provoke playful cuddles when being
communication. It evokes highly EADL touched.
emotional responses from humans
by mimicking a real cat’s reactions.
It has mechanically facial Social Robot Facial expressions Lights and music. - (A. van
expressions and works as a desktop and speech. Breemen, Yan,
user-interface robot. it can EADL & Meerbeek,
recognize faces and objects 2005)

including speech and sound. It is
used in research and commercially
available.
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Nabaztag Personalized health conversational Healthcare Voice recognition Broadcasts voice Voice recognition using (Klamer &
robot Robot and speech. messages. microphones. Allouch, 2010)
" | EADL
A robot companion used to remind | Healthcare Touch screen Visual and audio Gives visual and audio (Broadbent,
people to take their medications and | Robot interface, Tray- feedbacks. reminders, takes blood 2017; Broadbent
also take some physiological friendly arms. pressure measurements and etal., 2015,
measures. It also provided IADL pulse oximetry. Can provide 2014a)
entertainment and cognitive entertainment and cognitive
» stimulation. stimulation.
Care-O-bot 3 | Mobile robot assistant to actively Assistive Robot | The robot can be Provides facial feedback, | 3D-RGBD camera (range 15- | (Fraunhofer
support older adults at home equipped with one LED lights. 200cm) for navigation, object | Institute for
ADL arm for interaction. detection, manipulation and Manufacturing
It also has a tray for grasping. Engineering and
serving items. If the Automation,
intended purpose is 2018)
to serve drinks, one
hand can be
replaced by a tray,
or the mobile base
platform can be used
on its own as a
serving trolley.
Touch screen also
included.
5 Matilda Human like assistive and Assistive Baby like face for Touch sensors, speech Monitors speech of users, (Khosla, Chu,
§ - communication robot to engage Robot; expressions, voice recognition, body motion | emotions and movements to Kachouie,
% w older adults better Social Robot for speech, body Sensors. engage the older adults. it is Yamada, &
) R ‘ motions for also used to monitor eating Yamaguchi,
E N < EADL expressions and habits of the older adults. 2012)
dance
iRobiQ A robot companion also to provide | Healthcare Facial expression, Visual and audio Gives reminders, takes some (Broadbent et al.,
5 S reminders for older adults Robot touch screen. feedbacks. physiological measures 2014b)
A measurements and pulse
< IADL, EADL oximetry.
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Nursing care robot, healthcare in
nursing home

Healthcare
Robot

ADL

Interacts by lifting a
patient from a bed
into a wheelchair or
providing assistance
to patients who
require help in
standing.

It includes actuator units
with a very low gear ratio,
allowing the joints to
move very quickly and
precisely, and allowing
back drivability, meaning
that the force encountered
by the actuators as they
perform their tasks can be
quickly fed back into the
system, allowing softer
movement. It also
incorporates three types
of sensors, including
torque sensors and Smart
Rubber capacitance-type
tactile sensors made
entirely of rubber, which
allow for gentle
movements

It incorporates several

features that enable it to exert
force gently based on what it
senses with its tactile sensors.

(Wiederhold,
2017; Wilkinson,
2015)

LEA (Lean
Empowering
Assistant)

P o — g

)

L

oy
e

=

Provide support to older adults and
assist them to spend their time
safely and actively. It moves
autonomously, helping the older
adults getting out of chair and bad,
encouraging them walking at good
posture. LEA can remind user to
make his daily activities. It has
interactive screen that enable
contact of care workers, family and
friends.

Assistive Robot

ADL, EADL

Speech, text-to-
speech, gesture, and
a graphical user

interface with touch.

Alarms and detects and
emergencies events.
Reminder functions.

Measures the progress of the
user's stance.

(“LEA - Robot
Care System,”
2017)

Robovie

A conversational robot designed to
engage older people by greeting and
chatting with them

Social Robot

EADL

Speech recognition
and use of gestures
to converse with the
users during
interaction. use of
the arms to carry
items for the user.

Speech and gestures.

Conversations to engage and
simulate the older adults.

(Sabelli, Kanda,
& Hagita, 2011)
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HOBBIT

It monitors the seniors' health status
at home and mediate social
communication. It additionally
assists in fetch and carry tasks. Its
purpose is to enable seniors live
independently in their homes.

Health Robot;
Social Robot

ADL, IADL

Written text and text-to-
speech.

Gesture recognition to create
interaction between the user
and the robot.

(Fischinger et al.,
2016)

It consists of microphones,
ultrasonic sensors, rotatable touch
screen, laser range finder and
bumper sensors. It includes the
following service application
modules; entertainment, falls
detection, vital signs measurement,
medication reminding, brain fitness
games, telephone calling and brain
fitness.

Health care
Robot

ADL, EADL

Synthesized speech
feedback,
movements and
Visual output on the
screen.

Falls detection, vital signs
measurement and brain
fitness.

(Jayawardena et
al., 2012)

Nursebot
(Pearl)

The aim is to assist the nurse in
caring for seniors. This robot could
provide many services for older
adults, like guiding through their
environments, alerting, informing
them of an upcoming event or
appointment, monitoring the
person’s progress and adjusting the
robot’s velocity and path
accordingly etc.

Health care
Robot

ADL, IADL,
EADL

Speech and touch-
sensitive graphical
displays.

Guiding through
environments, alerting
and monitoring the
user’s progress.

Monitoring and detects
people.

(Montemerlo,
Pineau, Roy,
Thrun, & Verma,
2002)

An autonomous, programmable
humanoid robot. Has 25 degrees of
freedom, equipped with two
cameras, an inertial measuring unit,
sonar sensors in its chest, and force-
sensitive resistors under its feet,
more than 50 sensors and wide
range of possible interactions.

Assistive
Robot;
Social Robot

EADL

Voice recognition
and speech, gestures
with arm.

LED lights, talking,
play music.

Assists as a robot exercise
instructor and communicates
the exercise instructions to the
group. It also demonstrates
the exercises. It gives
feedbacks on performance in
the exercises and corrects
wrongly performed activities

(Gouaillier et al.,
2008; Lewis et
al., 2016a;
Ondras,
Celiktutan,
Sariyanidi, &
Gunes, 2017; C.
Park & Kim,
2016)
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Humanoids

*Pepper Designed to be companion in our Assistive Robot | Voice recognition LED lights, talking, play | Gesture and the motion of the | (Gardecki &
é. life and to communicate with and speech, touch music, display on the user. Podpora, 2017;
i human. IADL, EADL screen interface. tablet. Hsieh, 2017)
{ Used at train station or hypermarket
,‘\ to show information.
A human-shaped robot. Designed to | Assistive Speech, gestures. One DOF expressive The robots instruct with (Fasola &

be a genuine day-to-day companion,
whose number one quality is his
ability to perceive emotions. It

Robot; Social
Robot

eyebrows for facial
expressions, and a two
DOF expressive mouth

speech and demonstrates with
the arms what the participant
should do in imitation. It also

Mataric, 2013)

capable of identifying the principal | EADL for mouth expressions assesses the memory capacity

emotions during speech. of the user.

A socially assistive robot to aid Social Robot; Voice interaction Using gestures, facial It monitors and stimulates the | (McColl, Louie,
older adults with cognitive Assistive Robot | with gestures expression and voice older adults during eating and | & Nejat, 2013)
stimulation and other self-care instructions and exercises.

activities EADL encouragements.

Helps older adults stay active and Assistive Voice recognition Talking, lights - (“ELLIQ,”
engaged with a proactive social Robot; Social and speech, touch 2018)

robot that overcomes the digital
divide. Elli Q enables older adults to
use a vast array of technologies,
including video chats, online games
and social media to connect with
families and friends and overcome
the complexity of the digital world.

Robot

IADL, EADL

screen interface.
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A mobile robot that help for frail
people and caregivers. Provide fall
risk detection, health monitoring
and help getting up

Assistive
Robot; Health
care Robot;

ADL, IADL

Voice recognition
with autonomous
navigation. It has a
video conferencing
system.

Alarms, speech synthesis,
display on his tablet.

(“KOMPAI
Robots Help
Frail People and
Caregivers,”
2017)

Advanced humanoid robot designed
to assist older adults and disabled
individuals in their daily activities.
Enable to open doors, climb stairs
and reach objects on a table.

Assistive robot;

Health care
Robot; Social
Robot

Voice recognition,
gestures with arms,
facial expression.

Speech synthesis, gestures

(SoftBank, 2017)

e

the head. Exist in torso version as
well.

ADL, IADL,
EADL
*Kiro A small humanoid robot (height 20 | Assistive Text to speech, - (Cruz-Sandoval,
(oo cm), has 18 DOF that allow the Robot; Social gestures Penaloza,
L’L& robot to move its arms and legs. Robot Favela, &
I Castro-Coronel,
RE EADL 2018)
Poppy Poppy is an open-source 3D printed | Assistive (Lapeyre et al.,
) humanoid robot. Poppy was Robot; Social 2014; Devanne
aime Teedves-| designed to be anthropomorphic Robot Health etal.,2018)
L 2 with 25 degrees of freedom (DOF) care Robot
s including a 5 DOFs articulated
trunk. LCD screen can be added to EADL

* Robotic applications that have been specifically used for enhancing physical activities with the older adults.
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Participating in any amount of exercise provides several health benefits including maintaining
physical and cognitive functioning. Some exercises are better than nothing, and more exercise
increases health benefits (Department of Health Physical Activity Health Improvement and
Protection, 2011). A significant reduction in risk of having breast cancer, colon cancer, diabetes,
ischemic heart disease, and ischemic stroke events was diagnosed in people who exercise regularly
more than the minimum recommended (Kyu et al., 2016). There is also risk in physical activity
for older adults that can problems such as pains(Park & Shoemaker, 2009). However, the potential
benefits far exceed the potential risks associated with physical activity (Tremblay et al., 2011).

Recommendations from (Chodzko-Zajko et al., 2009; Department of Health Physical Activity
Health Improvement and Protection, 2011; U.S. Department of Health and Human Services, 2008;
WHO, 2010) for older adults (> 65 years) are:

e At least two hours and thirty minutes of moderately-intensive aerobic physical activity or
at least one hour and fifteen minutes of vigorously-intensive aerobic physical activity or an
equivalent combination of moderate and vigorous activity per week. Aerobic activity
should be performed in bouts of at least ten minutes duration. Muscle-strengthening
activities should be done involving major muscle groups, on two or more days a week. For
additional and more extensive health benefits, the older adults should increase their
moderate-intensity aerobic physical activity to five hours per week. They can also engage
in two hours and thirty minutes of vigorously-intensive aerobic physical activity per week,
or an equivalent combination of moderate and vigorous-intensity activity (Chodzko-Zajko
et al., 2009; Department of Health Physical Activity Health Improvement and Protection,
2011; U.S. Department of Health and Human Services, 2008; WHO, 2010).

e Older adults of this age group, with poor mobility, should perform physical activity to
enhance balance and prevent falls on three or more days per week. When adults of this age
group cannot do the recommended amounts of physical activity due to health conditions,
they should engage in as much physical activity as their abilities and conditions can allow
(Chodzko-Zajko et al., 2009; Department of Health Physical Activity Health Improvement
and Protection, 2011; U.S. Department of Health and Human Services, 2008; WHO, 2010).

In 2019, only about 12% of people aged above 65 years old participate in the recommended amount

of physical activity (Czaja et al., 2019).
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2.2 Technologies for enhancing physical activities

The increased awareness about the importance of physical activity contributes to the desire of the
individual to understand the level of activity s/he performs and to be able to analyze various
measures on the level of his/her activities (Andre & Wolf, 2007). Technologies and sensors for
monitoring may allow individuals to evaluate objectively their type and level of physical
activity(Andre & Wolf, 2007; Da Silva & Galeazzo, 2013; Sebestyen, Tirea, & Albert, 2012). It
may support their will to increase their physical activity level as well as the correctness of their

training (Andre & Wolf, 2007; Da Silva & Galeazzo, 2013; Sebestyen et al., 2012).

Different technologies for monitoring the physical activity level of people such as accelerometer,
heart rate and pedometer (Andre & Wolf, 2007) have been developed (Table 2). The technologies
and techniques spectrum vary from objective and expensive to subjective and simple measures
(Andre & Wolf, 2007; Da Silva & Galeazzo, 2013). Each technology offers different levels of
accuracy, reliability, and comfort (Andre & Wolf, 2007). A variety of technologies has been

implemented in games, smartwatches, smartphones and more (Sebestyen et al., 2012).

2.2.1 Applications for increasing physical activity for
older people

Despite the many available applications for increasing physical activity most are not suitable for
the older adults (Brox et al., 2016) since they lack consideration of older adults’ perceptual
capabilities in the design (Mitzner, Smarr, Rogers, & Fisk, 2015). Most of those age-related

declines are connected with vision, audition, haptics and physical strength (Mitzner et al., 2015).

The demand for these applications is growing (Broekens et al., 2009; Webster & Celik, 2014) as a
result of the rapid aging of the world population (United Nations, 2017). The main applications

for increasing physical activity are presented in Table 3.
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Table 2: Physical activity monitoring devices

Device Description Wear | Advantages Disadvantages References
able

Activity Wearable device or application for monitoring, tracking and recording Yes * Suitable for outdoor « Required across the chest or the (Altamimi,

Watch physical activity of a user throughout a day, such as distance walked or e Combines several hand to maintain good skin Skinner, &
run, calorie consumption, and in some cases heartbeat and quality of indicators contact (for Heart Nesbitt, 2014;
sleep. In addition, they allow goal setting that provides essential Rate) Guo, Li,
feedback that serves to increase self-awareness that can lead to Kankanhalli, &
behavioral change. The activity watch designed for use by individuals Brown, 2013;
interested in fitness, health, and weight control. Trost, 2007)
The device includes several different monitors of physical activity such
as, heart rate and accelerometer.

Intelligent | Intelligent phones are equipped with acceleration and localization Yes * Popular * Information provided is noisy (Buttussi &

Phones Sensors. + Ubiquitous Chittaro, 2010;
Acceleration is useful to determine the state or the kind of activity and Sebestyen et al.,
the position of the body (standing or sitting). The availability of 2012)
intelligent phones, fitness applications for mobile and map information,
gives motivation to use it as a fitness-monitoring device.

Kinect A 3D depth camera that incorporates a depth sensor, a color camera, and | No * Real time output * Programming required to operate | (Dutta, 2012;
a four-microphone array that provide full-body 3D motion capture, « Distinguish between « Not suitable for outdoor Khoshelham,
facial recognition, and voice recognition capabilities. The sensor different positions environment 2011;
ref:ogni.zes the user’s fulll body movement. One of the applications of * No need to put anything | « No system itself (need a Oikonomidis,
Kinect is Skeletal Tracking, which allows recognizing people and on the body computer) Kyriazis, &
following their actions. In addition, it can locate the joints of the tracked Sui Argyros, 2011;

. . . . * Suitable for home Zhang, 2012)

users in space and track their movements over time. Before the Kinect, S —
such methods required a complex and costly hardware setup and
interfered with the observed scene. * Compact
In general, Kinect should be acquired within 1~3 m distance to the * Portable
sensor. At larger distances, the quality of the data degraded by the noise
and low resolution of the depth measurements.
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Motion Technology for recording the movement of objects or people by cameras | Yes * Low latency Cost (Chalvatzaki,
Capture/ | and markers. It is used in military, entertainment, sports, medical « (Close to real time Setup Papageorgiou,
Tracking. | et nformarion o animate ighal chatator models n 2D or 30 * Results can be obtained | 7 8 MeOL Naragon, 2017
lon t gital character models in 2D or 3D « Cost-effective Requires the subject to wear | aragos, 2017
computer animation. , - special clothing or specific shoes | T ield, Stirling,
* Provides more realistic . . Naghdy, & Pan,
D Specific hardware and special
animation . 2009)
programs are required
Table 3: Applications for enhancing physical activity with the older adults
Activity Monitoring
Technology Description & Purpose Category Interaction Modality Feedback for User & Performance Reference
Measure
Exergames for | Developed fun and motivational Exercise Visual screen display, Utilized number of persuasive | The exergames used (Brox et al.,
Mobility exergames particularly targeting older Game Fitbit display strategies based on positive motion Sensors. 2016)
adults in a user centered approach. reinforcements, the users’ Walking app used
Includes seven Kinect games, Walking past behavior, social Fitbit to measure the
app and a professional portal. influence, feedback and users’ steps.
The purpose is to promote mobility and personalization. Social walking game
keep older adults active by encouraging Walking app — the users can where the group must
older adults to be more physically active set personal and group goals. reach a group goal
and motivate them to move more. while walking
outdoors.
Virtual Reality | Combines virtual reality and body area Exercise; Google Cardboard The simulation responds Nodes on each arm (Crespo et al.,
Simulator network for generate application that Health appropriately according to the | that monitoring the 2016)

allows seniors to control an Unnamed
aerial vehicle using only the movement of
their arms in a virtual environment.

information that the nodes on
each arm send automatically.
Nodes on each arm that send

information automatically to

the phone, and the simulation
will respond appropriately to
it.

activity.
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Smartphone STARFISH application enables the users Exercise Smartphone screen The app provides the users Inbuilt accelerometers | (Paul et al.,
application having accurate self-monitor their real-time step counts. 2017)
physical activity as measured by daily step
counts, incorporated goal setting, action
planning, feedback and social support.
A metal dance pad was connected to a Exercise Visual screen display The game provides the users Electronic sensors in (Pichierri,
desktop computer using USB. The video Game real-time visual feedback. the dance pad Coppe,
game is projected on a white wall with a detected position and Lorenzetti,
beamer. In addition, a scrolling display of timing information. In | Murer, & de
Dance video arrows moving upwards across the screen addition, it is used for | Bruin, 2012)
game cued each move, and the users need to control progression of
execute the indicated steps when different performance through
songs play. the beats per minute
and the difficulty
level.
The aim is to support Long Term Care in- | Rehabilitation; | Video and audio - allows | Sequence of skeleton position | Multiple Kinect (Maggiorini,
house medical protocol by allowing Exercise remote interaction is display on the screen. If the | devices that monitor Ripamonti, &
remote interaction with the older adult to Game between older adult and skeleton is too off the users' status. For Zanon, 2012)
oot assign exercise games, verify progresses caretaker. required asset, the skeleton example, if the elder
Distributed . . . . .
software in moblllt}{, and monitor drawp in red 1n'0rder. to falls and cannot get
. health/environmental parameters. provide immediate visual up, does not wake up
architecture . . .
feedback and an alarm raised in the morning.
on the screen. Additionally, an alert
can be raised in real-
time.
A computer-based physical activity Exercise; Portable tablet computers | The virtual coach provides Measured the number | (Bickmore et
program with a pedometer control Health with touch screens. positive reinforcement if of daily steps, usinga | al., 2013)
condition in sedentary older adults. Animated computer warranted. digital pedometer.
characters that simulate
Embodied face-to-face conversation
Conversational using voice, hand
Agent - ECA gesture, gaze cues, and

other nonverbal behavior.
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A persuasive virtual coach that motivate Exercise; Graphical user interface A flower image shown in the Pedometer - (Albaina et al.,
seniors to walk more Health with touch. general overview gives high- measuring the activity | 2009)
. level feedback on the activity | levels. A set of step
Flowie level in relation to the st I
evel in relation to the step goals
goal.
A dynamic balance exercise application Exercise Visual display and audio | Positive reinforcement Recordings of the raw | (Szturm,
coupled with video game play, using a Game provided to both participant foot pressure signals. Betker,
Interactive center of-pressure position signal as the and therapist via a sound that Moussavi,
Computer computer mouse. The interactive gaming played when an object caught Desai, &
Game Exercise | system, including the pressure mat and or the balloon burst, and a Goodman,
interface and the laptop computer. display showed success rates. 2011)
The Nintendo Wii Fit console is an Exercise Visual screen display Wii Fit provides the All exercises (Franco, Jacobs,
interactive video exercise game that Game participant with immediate performed on the Wii | Inzerillo, &
proposes tests, games and exercises that feedback about the Balance Board, which | Kluzik, 2012;

Wii Fit

involve all body parts. Aims to improve
balance in the older adults.

movements of the body’s
center of gravity, a key
measure of balance control.

has pressure sensors
that can measure a
user’s center of
gravity and weight.

Pierangeio
Dell’ Acqua,
Leonie
Verheijden
Klompstra,
Tiny Jaarsma,
2013; Toulotte,
Toursel, &
Olivier, 2012)
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2.2.2 Robotic applications for enhancing physical
activities
Several research efforts have been channeled into developing robotic applications to increase
physical activities (Cruz-Sandoval et al., 2018; Fasola & Mataric, 2013; Guneysu & Arnrich, 2017;
Ramgoolam et al., 2014). Some of these efforts focused on children (Guneysu & Arnrich, 2017),
some on adults (C. Park & Kim, 2016; Ramgoolam et al., 2014) while others focused on older
adults (Caic, Avelino, Mahr, Odekerken-Schroder, & Bernardino, 2019; Fasola & Mataric, 2013;
Lewis et al., 2016a; Lotfi, Langensiepen, & Yahaya, 2018). Some of the research work employed
user feedback which contributed to interaction improvement. Major robotic applications for
enhancing physical activities are presented in Table 4 along with the motivation and description

of robotic applications.

2.2.3 Challenges with robotic application for enhancing
physical activities of older adults

Among several applications for enhancing physical activities of older adults which are presented
in Table 4, some were robotic applications (Bedaf et al., 2015). The major challenges observed
while evaluating the interaction between the older participants and the robotic coach were related
to the type of physical activity, length of sessions, creativity during the sessions, motivating the

adults during the sessions and the form of the feedback given by the robot (Lewis et al., 2016b)

Due to the key importance of motivation in activity with robots, particular attention will be paid
in this thesis to the form of the feedback given by the robot to the older adult during the exercise
sessions to ensure that the older adult remains motivated. Specifically, the research focuses on
what forms of feedback should be given, how should the feedback be given and when should
the feedback be given to improve the experience that the older adults have while interacting with
the robot during the exercise sessions? The hypothesis is that improved feedback can lead to an
interactive, pleasant and enjoyable robot enhanced exercise session for the older adults. A
comparative study was also carried out to explore user preferences while training with the two

forms of humanoid robots and to determine which of the robots gives better satisfaction.
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Table 4: Robotic applications for enhancing physical activity

Robotic Description & Purpose Motivational framework Outcome Reference
P User Feedback

Application
Socially Assistive | Design and implementation of an The robot provides real-time feedback, | The children rated the interaction (Guneysu &
Child-Robot autonomous human robot encouragement and guidance. It gives highly in terms of enjoyableness Arnrich,
Interaction in interaction system to engage verbal feedback to explain how to do and rated the robot exercise coach | 2017)
Physical Exercise | children in performing several the exercises, gives positive feedback highly in terms of social attraction,
Coaching physical exercise motions by when the user accomplishes the motion | social presence, and

providing real-time feedback and and correct the users if he have not companionship.

guidance. completed the motion (one group -

The purpose is to validate the Verbal-only corrective, second group -

effectiveness of the system in Repetition feedback.

motivating and helping children to

complete physical exercises.
Towards a Social | Compare the effects on young It offered instructions for The robot coach was as successful | (Ramgoolam
and Mobile adults of coaching delivered by appropriate technique and as the human coach at socially and | et al., 2014)
Humanoid human health coach vs. a social encouragement. motivationally engaging
Exercise Coach and mobile humanoid robot health participants during the workouts.

coach.
Robot Social Testing the effect of a robot using The robot provides verbal motivational | Robot social and interactive skills (C. Park &
Skills for social skills when interacting with feedback to the user autonomously including feedback, mutual gaze Kim, 2016)

Enhancing Social
Interaction in
Physical Training

humans. Nao demonstrated seven
yoga and physical exercise poses
with different levels of difficulty to
human participants (aged 20 - 60
years old).

according to the motion recognition.

and social distance should be taken
into account when exercising by a
robot.
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*A Socially

Assistive Robot
Exercise Coach
for the Elderly

A robot is designed to engage older
adult users in physical exercise.
Robot whose purpose is to
monitor, instruct, evaluate, and
encourage users to perform simple
physical exercise. The robot
evaluates the user performance and
gives the user real-time feedback.
The purpose is to compare between
user evaluations of similar
physically robot and virtually
embodied coaches.

Focused on providing a variety
of challenging exercise games
of varying levels of difficulty.
Focused on the fluidity of the
interaction. Incorporated
indirect competition into the
system design by having the
robot periodically report the
user’s high score during each
of the exercise games.
Provides positive feedback to
the user in the form of praise
upon correct completion of the
given exercises. Never gives
negative feedback so as to
avoid diminishing intrinsic
motivation to engage in the
exercise task. Additionally, the
robot reporting the user’s
personal high scores during
two of the three exercise
games played.

Using the user’s name, it provides real-
time corrections feedback according to
the performance of the user and the
level of the performance history during
the games. Additionally, it
congratulates the user in response to
each successful imitation.

Clear preference among the
participants for the physically
embodied robot over the virtually
embodied robot.

(Fasola &
Mataric,
2013)

*Evaluating
Human-Robot
Interaction Using
a Robot Exercise
Instructor at a
Senior Living
Community

Pilot study of Nao, an agent-based
exercise robot for five senior
residents and five staff members in
a senior living community. Nao
provided an introductory, warm-up
routine and then proceeded to lead
the group through exercises
focusing on leg, arm, feet, hands,
neck, eyes, and full body. Then
Paro (robotic model of a baby harp
seal) made a session. The purpose
was to evaluate the performance of
the resident group and the
attitudes, acceptance, and opinions
of both groups.

The senior residents moderately
accept the robot as a group
exercise leader and staff members
are cautiously enthusiastic about
the idea.

(Lewis et al.,
2016a)
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*Towards Social | Preliminary user study of robot that The robot speaks to the users and make | The users imitate the robot’s (Cruz-
Robots that support exercise therapies for different gestures to encourage them. movements and were engage by Sandoval et
Support Exercise | person with dementia. The robot the robot. al., 2018)
Therapies for motivates and encourages the users The use of social robot to support
Persons with to perform the exercises. an exercise therapy seems feasible.
Dementia A one term research with more
participants needed.

*Robotic Versus Empirical study examines the According to the user According to the performance of the Human coaches preferred since (Caic et al.,
Human Coaches social perception of older adults progress, encouragement him player, gives red visual feedback and perceived warmth and competence | 2019)
for Active Aging: | about human versus robotic verbally. success and failure sounds. relative to robotic coaches.
An Automated coaches (Vizzy robot). The users
Social Presence should play in exergames, the
Perspective actor (human/robot) introduce the

activity, invite the users to join the

game, instruct how to play the

game and motivate the users.
*Socially The double robot, a mechanoid Motivates the participants Real-time feedback, according to the Participants reported satisfaction (Lotfi et al.,
Assistive Robotics | robot with an iPad, was an exercise | according to their performance | performance of the user, gives facial and willingness to recommend the | 2018)

Robot Exercise
Trainer

trainer. The purpose of the robot is
to engage, coach, assess and
motivate the elderly in physical
exercises.

with the feedback.

feedback and voice notes.

system to others.

* Specifically, for older adults
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2.3 Feedback

“Feedback is information about reactions to a product, a person's performance of a task, etc.
which is used as a basis for improvement” (Dictionary, 1989). Usually, feedback describes the

gap between intended and actual user performance (Pérez-Quifiones & Sibert, 1996).

In order to meet the psychological and cognitive processing needs of humans, which are
complex systems, humans require feedback from others (Kendall & Kendall, 2010). Feedback
increases human confidence (Pérez-Quifiones & Sibert, 1996). As a result, a system that
provides feedback can help users correct mistakes and reinforce concepts and procedures
(Czaja, Rogers, Fisk, Charness, & Sharit, 2009). If feedback is not provided during a session,
the user may become unmotivated, bored, or, unsure whether the task performed was successful

(Dix, Finaly, Abowd, & Beale, 2004).

Adequate feedback is an important source for increasing motivation for users of a system (Czaja
et al., 2009; Garber, 2008). Anytime users interface with machines, they need feedback about
the progress of their work (Pérez-Quifiones & Sibert, 1996). Feedback is an integral element in
a system and it is necessary to be aware of the human need for it (Pérez-Quifiones & Sibert,
1996), it helps to make smooth interaction between robot and human (Nicole Mirnig et al.,
2014), and increases trust of human in robots during collaborative task (Stadler, Mirnig, Weiss,
& Tscheligi, 2012). It should also be informative (Dix et al., 2004). Providing excessive or ill-
timed feedback can disrupt the user of the system (Czaja et al., 2009; Doisy, Meyer, & Edan,
2014b; Kendall & Kendall, 2010). As a result, people can overload working memory or focus
on the wrong things (Czaja et al., 2009; Kendall & Kendall, 2010).

2.3.1 Feedback in human-robot interaction

Feedback is an important part of human-robot interaction (Mirnig et al., 2011). Its influence on
the success of the communication between human and robot has been tested (Mirnig et al.,
2011). In their experiment, it was shown that a robot that provides feedback was more likely to
be perceived as a social communication partner. Additionally, users that did not receive
feedback during the interaction stated that they would like to receive feedback from the robot.
Human-robot-interaction using feedback is improved as compared to interactions without

feedback (Mohammad & Nishida, 2007).

During training, positive and negative feedback should be given in order to reduce repeated

errors, particularly for older adults who have been used to specific patterns or order of doing
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things for several years. Adequate and immediate feedback has the potential to improve their
performance. In general, this population will benefit from face-to-face feedback especially in

the early stages of using a system (Czaja et al., 2009).

Feedback provided to the users could be in different forms which could be varied with regards

to mode, timing and other dimensions of the feedback.
2.3.2 Mode of feedback

Diverse types of feedback can be given by a system to the users (Olatunji et al., 2019). The
types include tactile, haptic, auditory and visual and a combination of them (Ajoudani et al.,
2018; Cen/Cenelec, 2002; Jacko et al., 2004; Rosati et al., 2013). The performance of the users
with auditory, haptic and visual feedback was better than the performance of the users with only

visual feedback (Jacko et al., 2004).

Auditory feedback can influence better communication between the robot and the users. It can
also be complementary to the feedback available visually (Rosati et al., 2013). This feedback
should include encouragement and support that can increase the user’s motivation (Rosati et
al., 2013). Furthermore, audio feedback that is properly designed can improve users’ motivation

while performing motor exercises that are task oriented (Rosati et al., 2013).

Visual feedback suitable for remote human-robot collaboration (Ajoudani et al., 2018) could
include LEDs which could help humans better understand the state and the action of the robot
(Baraka & Veloso, 2018). This can also improve the collaboration between the human and the

robot (Baraka & Veloso, 2018).

Facial expression can support giving feedback in the interaction between a human to a robot
(Lang, Hanheide, Lohse, Wersing, & Sagerer, 2009). During the interaction between persons,
the conversation includes speech and facial expressions. The facial expression can provide
useful information (Lang et al., 2009) and has the potential to make the robot’s behavior better
understandable (Van Breemen, 2004). In the research of Mirnig et al., 2014, they compared a
task of adults for a robot with facial expression and without. It was shown that robot who
provided facial expressions feedback was considered more intelligent by the users and the task
was rated as more attractive (Mirnig et al., 2014). However, the results did not have statistical

significance.
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Finding the suitable mode of feedback is crucial to improving the interaction between the user
and the robot. This will be explored in this thesis in the context of physical training of older

adults.

2.3.3 Timing of feedback

The timing of the feedback can be immediate or delayed, frequent or infrequent (Czaja et al.,
2009), continuous or discrete. Suitable timing of feedback advances natural flow of
communication which helps the user accept the robotic agent communication partner (Mirnig,
Weiss, & Tscheligi, 2011). Feedback has to be provided to the users at an appropriate time

because ill-timed feedback could confuse the user (Mirnig et al., 2011).

Feedback timing could also be continuous or discrete. Previous studies have revealed that
continuous feedback can improve the trust of the user in the robot (Agrawal & Yanco, 2018;
Sanders, Wixon, Schafer, Chen, & Hancock, 2014). It can also decrease the user’s workload
(Agrawal & Yanco, 2018). However continuous feedback could lead to presentation of too
much information (Doisy, Meyer, & Edan, 2014a). This can result to information overload and

decrease the performance of the users (Doisy et al., 2014a).

Finding the suitable timing of feedback is crucial to improving the interaction between the user
and the robot. This will be explored in this research in the context of physical training of older

adults.
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3 Methods

3.1 Overview

The system design is focused on motivating older adults to regularly observe and complete their
exercise sessions. The system effectiveness depends on the robot type, timing, and mode of
feedback which will encourage the users to cooperate and complete the training. The most
suitable timing and mode of feedback for improved quality of interaction were therefore
explored. Correcting the older adults if the physical activity is not being properly done keeps
the older adults aware of the actions and intentions of the robot at every point of time. Existing
literature review suggests that social interaction could be improved through feedback (Czaja et
al., 2009; Garber, 2008; Mirnig et al., 2014). This hypothesis was tested through preliminary

and main studies as described below.
3.2 System development

3.2.1 The overall system

The system design includes a Kinect camera connected to a humanoid robot (Figure 1), which
performs before the users. The monitoring of the user’s performance and exercise sessions was
conducted using an RGB-D camera (Kinect). The depth camera provides a more accurate view
of the user’s movements compared to a conventional RGB camera. This aids the feedback
process by giving the users information regarding their performance. The robotic coach was
programmed to instruct the users for the different forms of exercises. Two types of humanoid
robots (Nao and Poppy) were used as robotic coaches for comparison purposes. The Microsoft
Kinect was used as the RGB-D camera for tracking performance because it was accessible,
applicable and had a software development kit equipped with skeleton tracking. The developed

algorithm included parallel programming of each robot with the Kinect.
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Figure 1: The developed system

3.2.2 Monitor users’ performance

Users’ performance was monitored with the Kinect which was programmed to extract the users’

skeleton. The skeleton contains the 3D point position of 25 joints of the user (Figure 2).
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Figure 2: 25 joints' positions of the skeletal tracking relative to the human body

Each position includes a coordinate system (X, Y, Z). X corresponds to the width, Y

corresponds to the height and Z to the depth. From the positions with the following equations;

d= \/(xz —x1)%+ (y2 —¥1)?
a’ + b? —c?

B =
Ccos 2ab

The distances (d) and the angles between joints (B) were calculated. The developed algorithm
checked if the user made the correct movement using the following algorithm (Algorithm 1).
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Algorithm 1- Algorithm for Kinect Detection

Algorithm for Kinect detection

1. getjoints, rightjyine1, Tightjoinez, TEGMtjoine3, leftioiner, leftjoinez, leftjoine3
2. compute angles:

angle,igne(Trightjoimer, Tightjomez, Tightjoine3)

4 ang leleft(lef Lioint1, Lleftjoine2, lef tjoint3)

5. compute depth difference:

6. depth, g (Trightjoiner, Tightjoine)

7

8

(98]

depthleft(lef Lioint1, lef tjointZ)
. ifangle,ign, > upperbound & angle,.;; > upperbound & hands j4,
9. if depth,;gp; < lowerbound & depth;.s, < lowerbound

10. update actions and state of hands:

11. userrepetition < userrepetition +1

11. hands,,, < state of hands

12.if angle,gp; < lowerbound & angle,.s; < lowerbound

13. if depth,gp, < lowerbound & depth;.s, < lowerbound
14. update state of hands:

15. hands,,,,, < state of hands

16. ifuser,epetition = repetitiongy,

17. end exercises

18. save_data (height, 4y, height,.s;)

3.2.3 Operations of the robot coach

The two robot coaches (Nao and Poppy) were programmed in the Python programming
language. The Nao robot was programmed using the naogqi library while the Poppy robot was
programmed with the pypot library. The speech of the robots was implemented using existing
algorithms in these libraries. A screen running on raspberry pi was

added to the poppy robot to provide visual (facial) feedback (Figure 3).

The session begins with the robot standing in front of the user and !
introducing itself. The robot waits until the user stands in front of it. It Figure 3: Poppy facial expressions
introduces itself as the user’s exercise coach. It asks the user to raise his right hand if he/she
wants to start the training. Then, the robot will start the session with instructions on what
exercise should be done and also demonstrates how it should be done. At the end of the session,
the robot will thank the user for his/her participation and say goodbye. The main logical flow

of the process is illustrated in Figure 4.

A video of the robot can be seen at https://www.youtube.com/watch?v=mEBY qd6sgmI&t=1s
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Figure 4: Logical flow of main process

The session lasts about 10 minutes. The robot provides feedback according to user performance detected
by the Kinect. If the user performs the exercise well, the robot provides positive feedback. In the discrete
feedback condition, the robot will give positive feedback at the end of the exercise, while in the
continuous feedback condition, the robot will also count every time that the user made the right
repetition. If the user performs the exercise incorrectly, the robot gives corrective feedback and asks if

the participant wants to try the exercise again or move on to the next exercise.

The process for the strength and balance exercises are given in Figure 5.
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3.2.4 Development of the exercises

The developed training program includes balance and strength exercises that are recommended

by the National Institute on Aging (NIHI) (https://www.nia.nih.gov/health/exercise-physical-

activity). These exercises were chosen because instability and muscle weakness are widespread
problems among older adults. This results in falls among older adults along with difficulty and
inability to perform basic activities. Some of these basic activities include getting out of bed or
from the chair, opening a bottle, carry objects and so on. Muscle strengthening and improved
balance can help prevent falls and help to make daily activities easier. This makes balancing
and strengthening exercises recommended for older adults.

3.2.4.1 Exercises of Preliminary Experiment

Six exercises were developed for the preliminary experiment (Figure 6). The strength exercises
include raising elbows, sidearm raise both hands and each time one hand. The stability exercise

includes side leg raise.

Figure 6: Strength and balance exercises: a) raising arms horizontally b) bending elbows c) raising right arm horizontally d)
raising left arm horizontally. Balance exercises: e) left leg raise f) right leg raise.

3.2.4.2 Exercises of Main Experiment
Eight exercises were developed for the main experiment (Figure 7). The two balance exercises

from the preliminary experiment were removed since only the torso version of the Poppy robot
was available. The strength exercises involve bending elbows, raising arms and bend elbows,
raising arms and bending elbows 90 degrees, raising arms forward, raising arms horizontally,

raising arms horizontally and turning hands, horizontal raising each arm.
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Figure 7. Strength exercises: a) bending elbows b) raising arms and bend elbows c) raising arms and bending elbows 90
degrees d) raising arms _forward e) raising arms horizontally f) raising arms horizontally and turning hands g) raising left
arm horizontally h) raising right arm horizontally.

3.3 Physical training coach

3.3.1 Nao robot

Nao (Figure 8) is an autonomous, programmable humanoid robot developed
by Aldebaran-Robotics, a French robotics company. Its height is 57cm and
its weight is 4.3 kg (Gouaillier et al., 2008; SoftBank, n.d.) Nao’s main
technical features include 25 degrees of freedom, sensors in its head, hands
and feet, sonars, 4 directional microphones and loudspeakers, and two

cameras. The operating system is NAOqi based Linux (SoftBank, n.d.).

Figure 8: Nao robot

3.3.2 Poppy torso robot

Poppy (Figure 9) is an open-source 3D printed humanoid robot. Its height is
84 cm and its weight is 3.5kg (Lapeyre et al., 2014). Poppy was designed to
be anthropomorphic with 25 degrees of freedom (DOF) including a 5 DOFs
articulated trunk (Devanne & Nguyen, 2017) and LCD screen for display.

Figure 9: Poppy robot
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3.3.3 Examination of Nao’s programming
alternatives

The existing Nao robot in the lab is an academic version with ATOM INTEL processor and

NAOqi 2.4 operating system. The physical version of the robot is HEADS with stereoscopic

head, intended for research use. This stereoscopic head uses the two cameras of the robot and

allows the robot to see in 3D.

The Nao robot can be programmed in several programming languages. Prior to choosing the

preferred programming language, the advantages and disadvantages of the programming

languages were examined as well as the language suitability.

Main possible programming languages (Aldebaran, no date):

1.

C # - an advanced programming language developed by Microsoft. This language does
not have an SDK that is compatible with NAOqi version 2.1 of NAO but only to an
earlier version (1.1) It should be noted that the working environment suitable for this
language is Visual Studio, but the robot can be programmed in a Visual Workspace
Studio 2010.

Python - a simple-to-use dynamic programming language that allows good robot
capabilities. There are examples and more detailed explanations throughout the web as
well as existing SDK files for all released robot versions. Furthermore, previous projects
used this language.

Java - An advanced, object-oriented programming language that can run on any
computer and any operating system. This is not a common programming language for
the NAO robot, and it does not have all of the programming abilities.

C++ - Object-oriented language. For this language, there are examples and most detailed
explanations throughout the network as well as existing SDK files for all released robot

versions (up to version 2.1).

. Choregraphe - This is a dedicated programming environment for the use of the NAO

robot. With this software, which comes with the robot and contains built-in code
snippets in the Python programming language, the robot can be programmed using a
visual user interface. Robot programming in this software is quite intuitive and does not
require the use of the SDK. There are many projects across the web that use this

software, but it is limited in terms of its capabilities (cannot use the function "Speech
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Recognition" because a robot with a version 2.4 operating system), is problematic for

connecting with the Kinect and to make complex program.

In conclusion, following the many examples and extensive use of Python in Nao programming
on the network, along with the language advantages and rapid development it allows and the
author’s prior knowledge of the language, Python was selected to program the Nao robot. In
addition, some specific functions in Choregraph were imported to the Python programming

interface.

3.3.4 Examination of Poppy’s programming
alternatives

The company developed the pypot library which makes it easier to program the robot through
Python. (Lapeyre, et al., 2014). As a result, the system was programmed in Python.

3.3.5 Examination of simulator alternatives

Due to a failure in the real robot, it was not possible to carry out the preliminary experiment

with the real robot as initially planned and programmed. Instead a simulated robot was utilized.
Two alternatives for simulators were examined:

1. Webots: A robot simulator that provides a complete development environment to
model, program and simulates robots. It has the option to change the background, it has
models of speech and operating Nao LEDs. Using the simulator speech and LED models
to demand a dramatic change in the coding because it requests a different version of
Python then the Naoqi (Figure 10).

2. Choregraph: It is a structured simulator that is included in the Nao package. It is a simple
and clear simulator that includes only movement and text. The simulator includes the

Nao robot on a blue background (Figure 11).

Due to lack of time, incorporating the additional models in Webots was not feasible. A
speech recognition through the Python model that required parallel programming was
developed. As a result, the decision between which simulator to use depended on the

background of the system. To accommodate the older population, it was decided that a
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simple background that will be less cluttered and will help them focus on the robot itself

rather than the environment around will be used.

Figure 11: Choregraphe Figure 10: Webots

3.3.6 Examination of Kinect programming
alternatives

The Microsoft Kinect sensor for windows integrates a depth sensor, color camera, and a
microphone and is a low-cost sensor (DiFilippo & Jouaneh, 2015; Zhang, 2012). The sensor
can provide full-body 3D motion capture, skeleton data, voice recognition and facial

recognition (Zhang, 2012).
The common languages to program the Kinect are C++, C#, and Python.

The Kinect was programmed in Python to easily connect to the physical robot application.
Existing programming applications reveals that running a program on the same language gains
the advantage of not requiring a protocol between two languages. As a result, the system has

more probabilities to run without problems.
3.4 Preliminary study

3.4.1 Experimental description

The design of the preliminary experiment included only verbal feedback. The independent
variable in the experiment was the timing of feedback. Each participant experienced two

conditions for the timing of feedback - continuous and discrete feedback.

The dependent variable was the effectiveness of the exercise sessions which was measured

subjectively as will be explained in the Evaluation (section 3.4.4).
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3.4.2 Procedures

The 10-minute session took place in a home-like environment. Each user was engaged with the
robot and asked to perform the exercises demonstrated by the robot. The user was prompted by
the robot to imitate it. There was an introduction session by the robot as described in Figure 4.
Then the robot proceeded to the exercises. The exercises were monitored by the Kinect to ensure
compliance with the robot’s instructions. BGU Ethics committee approved the research before

the experiments were carried out (Appendix A - BGU ethical committee approval forms).
3.4.3 Participants

The study population included 10 older adults (4 females and 6 males) aged 67 and over,
without any major physical limitation. Their physical fitness was assessed with a questionnaire
specifically checking how physically fit they are (Appendix B — Pre-questionnaires How
physically active are you?). The participants were recruited by advertising via personal contacts
(grandparents of friends who were notified of the research) and at BGU’s Center of Digital

Innovation healthy aging innovation lab (https://www.cdi-negev.com/project/the-healthy-

aging-simulation-center/). All recruited participants filled the consent form independently.

3.4.4 Evaluation

The effectiveness of the interaction was assessed subjectively through questionnaires and short
interviews regarding the users’ experience. It involved questionnaires about their experience

with the robot, technology acceptance and negative attitude toward robots.

The pre-trial questionnaire used was the Negative Attitudes Towards Robots Scale (NARS),
TAP and How Physically Active Are You? (Appendix B — Pre-questionnaires). NARS’
questionnaire assists to examine the participants’ perception of technology and robots, TAP’s
questionnaire which examines the participants level of technological knowledge while the last

questionnaire will help in the assessment of participants’ physical activity.

The final questionnaire includes questions about the participants’ evaluations of the robot as an

exercise coach and about his social attraction (Appendix D — Post-questionnaires)

At the end of the session, an interview of 10 minutes (on average) was conducted to understand
the assessment of the coaching, the interaction and the real robot, Nao (Appendix E — Post

interview).

The main experiment was designed based on the outcome of the preliminary experiment.
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3.5 Main Study

3.5.1 Model

The model for the main study was designed based on the “Technology Acceptance Model”
(Davis, 1989). The independent variables in the experiment were the timing and mode of
feedback and type of robot. The dependent variables were the perceived usefulness, ease of use,
attitude and behavioral intention to use the system as depicted in Figure 12. These were
measured objectively and subjectively as will be explained in the Evaluation section (section

3.5.5).

H8

Feedback

Variables:
Mode
Timing

Perceived
Usefulness

H11 Behavioral
Intention to Use

Type of
Humanoid
Robot

Ease of Use

Figure 12: Model description

3.5.2 Experimental description

The design of the main experiment included three independent variables: mode of feedback
(audio and visual), timing of feedback (discrete and continuous) and type of humanoid robot
(Poppy and Nao), and included four groups (each group represented by different color). Each
participant experienced one combination of mode and timing of feedback with two humanoids

robots; Poppy and Nao as described in Table 5.
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Table 5: Experimental design

Mode\Timing | Discrete | Continuous
Audio Poppy Nao

Nao Poppy
Audio + Nao Poppy
Visual Poppy Nao

3.5.3 Procedures

The experiment included two sessions; each session included a different robot. In the sessions,
the user was engaged with the robot to carry out the exercises demonstrated by the robot. The
user was prompted by the robot to imitate him. There was an introduction session by the robot
as described in Figure 4. Then the robot proceeded to the actual strength exercise. The exercises

were monitored by the Kinect to ensure compliance with the robot’s instructions.

3.5.4 Participants

The study population included 32 old adults aged 70-88, 18 females and 14 males. All
participants were without any major physical limitations and arrived in the lab independently.
The participants were recruited by advertising via personal contacts (grandparents of friends
who were notified of the research and friends of my grandmother), at BGU’s Center of Digital

Innovation healthy aging innovation lab (https://www.cdi-negev.com/project/the-healthy-

aging-simulation-center/), at an older adult’s local club in Beer Sheva, a local police pensioners

club, BGU’s older adults working force and previous older adults who performed experiments

in our labs. All recruited participants contacted us and filled the consent form independently.
3.5.5 Evaluation

The dependent variables were assessed objectively and subjectively.

3.5.5.1 Objective performance measures
The objective measures detailed in Table 6 were acquired by analyzing recorded videos of the

sessions, measurements using a heart rate watch, and observations by the author documented

along the experiments.
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Table 6. Objective measurements

Dependent Variable Measurement References

(Rani, Sarkar, Smith,
& Kirby, 2004; Rani,

Comfortability HR change= HR after — HR before Sims. Brackin. &
Sarkar, 2002)
Reaction time - seconds it took participants to react | (Hellstrom & Bensch,
Ease of to the robot's instructions 2018)
Use Incorrect response
Understanding Question to clarify

Participant continued with the exercise after the
robot had stopped

Eye contact — The time that the participant looks at | (Sidner, Kidd, Lee, &

Engagement the robot during the interaction Lesh, 2004)

Attitude

Adherence to Exercises completed
Success rate = ———

tl‘aining Sum of exercies

3.5.5.2 Subjective performance measures
The subjective measures were collected through questionnaires which involved questions about

the participants’ experience with the robot, technology acceptance and negative attitude toward

robots.

The pre-trial questionnaire used was the Negative Attitudes Towards Robots Scale (NARS),
and Technology Assessment Propensity (TAP) (Appendix K — Pre-questionnaires). NARS’
questionnaire assists to examine the participants’ perception of technology and robots while

TAP’s questionnaire which examines the participants’ level of technological knowledge.

The post trials questionnaires and the variables they assessed are presented in Table 7. The

questionnaire based on Almere model (Heerink, Krose, Evers, & Wielinga, 2010).
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Table 7. Post trail questionnaires

Dependent Variable

Question

Perceived Usefulness

I would be willing to train with the robot again because it had value
to me.

I felt nervous during the activity

Comfortability - - -

E fU I felt comfortable during the interaction

ase o se
Understanding I understood the robot well during the interaction.
Effort I put a lot of effort into this activity.
Engagement I concentrated on the activity for the entire session.
. Trust I felt like I could really trust this robot.

Attitude : ; ; ; .
Satisfaction I was satisfied by the robot's performance during this activity.
Enjoyment I enjoyed the activity

Intention to Acceptance I would like to exercise with the robot in the future.

Use

The final questionnaire includes questions about the evaluations of the robot as exercise coach

and about its social attraction (Appendix M — Final questionnaires). All answers were ranked

using a 5 point Likert scale (Allen & Seaman, 2007; Likert, 1932).

3.5.5.3 Analyses
The analysis and the preprocessing of the raw data was conducted with the following statistical

programs: SPSS, RStudio, Excel. Generalized linear mixed model (GLMM) was performed for

the objective dependent variables in order to the determine the influence of the independent

variables on it. The target function was chosen according to the distribution of the independent

variable.
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4 Results and discussion
4.1 Preliminary experiment analyses and results

4.1.1 Participants’ characteristics

The characteristics of the participants were analyzed based on pre-questionnaires they filled

(Appendix F — Preliminary questionnaires analysis).

4.1.1.1 Demographic analysis
The 10 seniors that participated in the experiment included 40% of females and 60% males.

aged between 67 to 85 (mean=75, SD=5.55). The educational level of 2 participants is Ph.D.,
3 have a Master’s degree, 2 have a high-school education and 2 have other education.

4.1.1.2 TAP - Technology Adoption Propensity

The degree to which 90% of the participants, utilized technology was low. Only one of the

participants uses technology on a high scale.

20% of the participants noted they have low propensity to adopt technology, while 60% have
medium adoption level. 20% of the participants have a high propensity to adopt the technology
(mean=3.08, SD=1.4). 70% of participants strongly believe that technology provides increased
control and flexibility in life. 70% of the participants have low confidence in one's ability to
quickly and easily learn to use innovative technologies, as well as a sense of being
technological. Only /0% of the participants have high confidence in such ability to quickly
learn to use while the remaining 20% are indifferent about it. 50% of the participants strongly
think that they are being overly dependent on technology, and have a feeling of being enslaved
by it, while 50% are neutral about it. 50% of the participants have a low belief that technology
increases one's chances of being taken advantage of by criminals or firms, /0% are indifferent
about it and 40% strongly believe it.

4.1.1.3 NARS — Negative attitude toward robots scale analysis

20% of the participants have a low negative attitude towards robots, 20% have a high negative
attitude while 60% are neutral about it (mean=13.5, SD=5.56). 20% have highly negative
attitudes toward situations which include robots, 30% are neutral about it while 50% have a low
negative attitude towards such situations. 30% have highly negative attitudes toward the social
influence of robots, 70% are neutral about it. 30% have a highly negative attitude toward the
concept of robots having emotions, 40% are indifferent about it while 30% have a low negative

attitude towards it.
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4.1.1.4 Analysis of physical activeness
The physical aerobic activity level of the participants varied between underactive to active

moderate-vigorous. /0% of the participants were underactive as defined by the assessment,
40% were classified as underactive with regular — light activities, 20% were regularly
underactive, /0% were moderately active and 20% are active with moderate-vigorous physical
activities. Additionally, /0% noted that they participated in physical activities for strength while
50% noted they participated in exercises for flexibility.

4.1.2 Subjective measures analysis
4.1.2.1 Evaluations of the robot as an exercise coach analysis
In the evaluation of the robot, 80% agreed that Nao is a good exercise coach while 20%
disagreed. 70% agreed that Nao is a good motivator of exercise, that they will recommend Nao
for their friends and that they are motivated to exercise with Nao while 20% strongly disagreed
with this statement and /0% partially agreed. 70% thought that they will exercise with Nao in
the future while 30% do not think they will. 40% of the participants preferred to exercise with
a robot while 40% are not in agreement with exercising with a robot while 20% were simply
not fully disposed to the idea.
4.1.2.2 The social attraction analysis
The social attraction of the system was diverse. 40% thought that Nao could be a friend of them
while 30% disagreed and 30% were not sure. 20% thought they could spend a good time with
Nao while 50% disagreed and 30% were not as convinced that they could. 50% said that they
would want to spend more time with Nao, 20% didn’t want to spend more time and 30% are

indifferent about the idea.

4.1.3 Interviews
4.2 Main experiment analyses and results

4.2.1 Participants’ characteristics

The characteristics of the participants were analyzed based on pre-questionnaires they filled (
Appendix N — Preliminary questionnaires analysis).

4.2.1.1 Demographic analysis
The 32 seniors that participated in the experiment included 18 females and 14 males aged

between 70 to 88 (mean = 77.4, SD = 5.8). The educational level of 6.3% participants was
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Ph.D., 15.6% had a Master’s degree, 28.1% had a bachelor’s degree, 31.3% had a high-school
education and /8.8% had other education.

4.2.1.2 TAP - Technology adoption propensity

3.23% of the participants had a low propensity to adopt technology, while 38.77% had medium
adoption level. 58.06% of the participants had a high propensity to adopt the technology. The
mean is 3.54 and the standard deviation is 0.65. 80.65% of the participants strongly believed
that technology provides increased control and flexibility in life. 41.94% of the participants had
low confidence in one's ability to quickly and easily learn to use innovative technologies, as
well as a sense of being technological. 32.26% of the participants had high confidence in such
ability, the remaining 25.8/% are indifferent about it. 58.06% of the participants strongly
thought that they are being overly dependent on technology, and had a feeling of being enslaved
by it, while 35.48% are neutral about it.

4.2.1.3 NARS — Negative attitude toward robots scale analysis

35.48% of the participants had a negative attitude toward situations and interactions with robots,
12.9% had a high negative attitude while 5/.6/% are neutral about it. 22.58% had highly
negative attitudes toward the social influence of robots, 57.67% had a low attitude and 25.81%
were neutral about it. 64.52% had a highly negative attitude toward the concept of robots having

emotions, 9.68% are indifferent about it while 25.81% had a low negative attitude towards it.
4.2.2 Evaluation of the training

All the figures for the for subjective evaluation analysis are provided in Appendix O — Post-

trails questionnaires analysis.

The subjective evaluation revealed that more than 70% perceived the system as useful, easy to
use, and had a positive attitude toward the system with an intention to use.

4.2.2.1 Perceived usefulness

Most of the participants (71.9%, mean=2.58, SD=0.73) indicated through the questionnaire that
they perceived the robot as useful for them. Regarding the feedback mode, more of the
participants in the audio feedback group (77.4%) indicated their willingness to train with the
robot at another time compared to participants who experienced audio and visual feedback
(66.7%). Regarding the feedback timing, more of the participants in the continuous feedback
group (77.8%) indicated that their willingness to train with the robot at another time compared
to participants who experienced discrete feedback (64.3%). The robot type did not influence

the perceived usefulness.
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4.2.2.2 Ease of use

4.2.2.2.1 Comfortability
HR after—HR before

HR before

The change in heart rate (= ) (mean= 0.19, SD=0.268) was significantly

affected by the mode (F(1,60)=4.101, p=0.047) and timing (F(1,60)=7.674, p=0.007) of the
feedback (Figure 133). The change in heart rate of participants with continuous feedback
(mean=0.26, SD=0.29) was higher than participants with discrete feedback (mean=0.13,
SD=(.23). Participants with audio feedback (mean=0.23, SD=0.31) had higher change in heart
rate than participants with combined audio and visual feedback (mean=0.17, SD=0.23).
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Figure 13: Change in heart rate depending on timing OR mode of feedback

The change in heart rate was not significantly (F(1,62)=0.318, p=0.575) affected by the robot
type. Participants that exercised with the Poppy robot (mean=0.18, SD=0.29) has similar values
of change in heart rate as those participants that exercised with the Nao robot (mean=0.22,

SD=0.25).

Most of the participants (92.2%, mean=2.89, SD=0.403) indicated in the questionnaires that
they felt comfortable with the system. Regarding the feedback mode, more of the participants
in the audio feedback group (96.8%) indicated that they felt comfortable with the system
compared to participants who experienced the combined audio and visual feedback (87.9%).
Regarding the feedback timing, all the participants in the continuous feedback group indicated
that they were comfortable with the system while most of the participants who experienced
discrete feedback (82.1%) were comfortable. There was a slight difference in the robot type

preference regarding the comfortability.
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4.2.2.2.2 Understanding
The understanding measured as the reaction time (seconds) of the participants (mean=3.98,

SD=5.635) was significantly affected by the mode of feedback (F(1,58)=8.931, p=0.004)
(Figure 14). There was a reduction in the reaction time of those using both audio and visual

feedback (mean=2.7, SD=1.845) compared with participants with only audio feedback

Reaction time

Audio Audio + Visual
Figure 14: Reacri()nh;;j; by mode of feedback
(mean=35.45, SD=7.82). The reaction time for the participants was not significantly affected by
the robot type (F(1,60)=0.011, p=0.918) and the timing of feedback (F(1, 58)=0.704,
p=0.405). The reaction time of participants that used the Poppy robot (mean=3.9, SD=6.05)
was shorter than participants who used the Nao robot (mean=4.06, SD=5.23). Additionally, a
reduction in reaction time was observed in participants who experienced continuous feedback

(mean=3.53, SD=5.165) as compared to participants with discrete feedback (mean=4.54,
SD=6.21).

The number of incorrect responses (mean=0.27 , SD=0.672) was not significantly affected by
the robot type (F(1,62)=2.691, p=0.106), timing (F(1,60)=0.402, p=0.528) and mode
(F(1,60)=0.617, p=0.435) of feedback. The number of incorrect responses of participants that
used the Poppy robot (mean=0.156, SD=0.45) was smaller than participants who used the Nao
robot (mean=0.375, SD=0.83). Audio and visual feedback (mean=0.18, SD=0.46) decreased
the number of incorrect responses in comparison to participants with only audio feedback
(mean=0.35, SD=0.84). In addition, time for incorrect responses for participants with
continuous feedback (mean=0.305, SD=0.786) was similar to the time for incorrect responses

for participants with discrete feedback (mean=0.214, SD=0.5).

The number of questions from participants to clarify certain aspects of the interaction

(mean=0.25 , SD=0.504) was not significantly affected by the robot type (F(1,62)=0.003,
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p=0.959), timing (F(1,60)=0.033, p=0.856) or mode (F(1,60)=0.114, p=0.736) of feedback.
The number of clarification questions for participants that used the Poppy robot (mean=0.22,
SD=0.49) was slightly lower than for the participants who used the Nao robot (mean=0.28,
SD=0.522). Participants who experienced audio feedback (mean=0.19, SD=0.477) asked less
questions than participants that experienced the combined audio and visual feedback
(mean=0.3, SD=0.529). Additionally, participants with discrete feedback (mean=0.214,
SD=0.498) asked slightly less questions than participants with continuous feedback
(mean=0.278, SD=0.51).

The persistence to complete the exercises of the participants (mean=0.4, SD=0.453) was
significantly affected by the timing of feedback (F(1,60)=12.822, p=0.001)(Figure 15). The
participants’ persistence to complete the exercises by participants who experienced continuous
feedback (mean=0.57, SD=0.45) was higher than participants with discrete feedback
(mean=0.18, SD=0.37). The persistence was not significantly affected by robot type
(F(1,62)=0.677, p=0.414) and mode of feedback (F(1, 60)=2.697, p=0.106). Audio and visual
feedback (mean=0.5, SD=0.47) influence for higher persistence of the participants than audio
feedback (mean=0.3, SD=0.41). The persistence of participants with the Poppy robot
(mean=0.35, SD=0.45) was lower than participants who used the Nao robot (mean=0.45,
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Figure 15: Persistence to complete the exercises by timing of feedback
SD=0.46).
Most of the participants (92.2%, mean=2.88, SD=0.454) indicated in the questionnaire that
they understood the system well. Regarding the feedback mode, more of the participants in the
audio feedback group (96.8%) indicated that they understood the system better compared to
participants who experienced the combined audio and visual feedback (88%). Regarding the
feedback timing, all the participants in the continuous feedback group indicated their

comfortability while most of the participants who experienced discrete feedback (82.1%)
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indicated comfortability. There was a slight difference in the robot type preference regarding
the comfortability.

4.2.2.2.3 Effort

Most participants noted that the activity did not require from them effort (73.4%, mean=1.42,
SD=0.752) as seen in their questionnaire’s responses. The participants in the audio and visual
feedback group (78.8%) perceived less effort compared to participants who experienced only
the audio feedback (67.7%). Regarding the timing of feedback, the participants in the
continuous feedback group (80.6%) perceived less effort compared to participants who
experienced discrete feedback (64.3%). There was a slight difference in the robot type
preference regarding the effort, 75% preferred Poppy while 71.9% preferred Nao.

4.2.2.3 Attitude

4.2.2.3.1 Engagement
Engagement, measured as the ratio of the participants with “no eye contact” to trial total time

(mean=0.038, SD=0.067) was significantly affected by the robot type (F(1,61)=35.257,
p<0.001) (Figure 17), timing (F(1,60)=23.157, p<0.001) and mode (F(1,60)=4.622, p=0.036)
of feedback (Figure 16). The ratio of the participants “no eye contact” to trial total time, for
participants that used the Poppy robot (mean=0.029, SD=0.0492) was lower than participants
who used the Nao robot (mean=0.463, SD=0.08). The ratio for participants who experienced
audio and visual feedback (mean=0.036, SD=0.06) was lower than participants with audio
feedback (mean=0.403, SD=0.0763). The ratio for participants with continuous feedback
(mean=0.03, SD=0.048) was smaller than participants with discrete feedback (mean=0.0483,
SD=0.8635).

Robot Disecrete Discrete + Continuously
Timing

Figure 17: No Eye contact by type of robot Figure 16: No eye contact by timing OR mode of feedback

Mode

Majority of the users indicated in the questionnaires that they were engaged in the activity
throughout the session (96.9%, mean= 2.94, SD=0.351). Regarding the feedback mode, all the

participants in the audio and visual feedback group indicated they were engaged with the system
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while most of the participants who experienced audio feedback (93.5%) noted they were
engaged with the system. The timing of the feedback and the robot type only slightly influenced

the engagement.

The engagement was significantly affected by the users perceived ease of use (comfortability
F(1,57)=17.603, p<0.001, understanding (F(1,57)=153.335, p<0.001)) and perceived
usefulness (F(2,60)=7.069, p=0.002).

4.2.2.3.2 Trust

Most of the participants (mean=2.77, SD=0.527) indicated in the questionnaire that they trusted
the robot. Regarding the feedback timing, most participants in the continuous feedback group
(88.9%) indicated their trust compared to participants who experienced discrete feedback
(71.4%). Regarding the robot type, more participants who trained with Poppy (84.4%) trust the
robot compared to participants who trained with the Nao robot (78.1%). There was a slight

difference in the feedback mode preference regarding trust.

Based on the subjective assessment, the trust was significantly affected by the understanding of
the system (F(1,56)=9.67, p=0.003) and by perceived usefulness (F(2,60)=4.725, p=0.012).
4.2.2.3.3 Satisfaction

Most of the participants (85.9%, mean=2.8, SD=0.54) indicated in the questionnaire that they
were satisfied by the robot’s performance (with remaining 6/64 unsatisfied and 5/64 were
neutral). Regarding the feedback mode, more of the participants in the audio feedback group
(90.3%) indicated their satisfaction from the robot compared to participants who experienced
audio and visual feedback (87.8%). Regarding the feedback timing, more of the participants in
the continuous feedback group (94.4%) indicated that their willingness to train with the robot
at another time compared to participants who experienced discrete feedback (75%). The
satisfaction of users who interacted with the Poppy robot (90.6%) was higher than users who

interacted with the Nao robot (§1.3%).

Based on the subjective assessment, the satisfaction of the users was significantly affected by
the users’ perceived usefulness (comfortability F(2,60)=4.911, p=0.11) and by perceived
usefulness (F(2,60)=4.911, p=0.011).
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4.2.2.3.4 Adherence to training
This was assessed by the success rate of the participants (73%) which was significantly affected

by the timing of feedback (F(1,377)=4.485, p=0.035)(Figure 18). 63.9% of the participants
succeeded better with discrete audio feedback while with continuous feedback the success rate
increased to 80%. The success rate of the participants was almost significantly affected by the
robot type (F(1,379)=3.694, p=0.055). 76.6% of the participants succeeded better with the
Poppy robot as compared to the session with the Nao robot (which resulted in 69% success
rate). The success rate was not significantly affected by the feedback mode (F(1,377)=2.032,
p=0.155). However, with audio and visual feedback the success rate reached 78.8% while the

success rate decreased to 67% with only audio feedback.
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Figure 18: ‘Did not succeed’ vs. timing of feedback

4.2.2.3.5 Enjoyment
Most of the participants (81.3%, mean=2.8, SD=0.443) indicated in the questionnaire that they

enjoyed the activity. More of the participants in the continuous feedback group (94.4%)
indicated their enjoyment compared to participants who experienced discrete feedback (75%,).
There was a slight difference in the robot type (Poppy was preferable) with respect to
enjoyment. The influence of the feedback modes was almost equal regarding enjoyment during
the interaction, but audio and visual feedback was preferred (81.8%) over only audio feedback

(80.6%).

The enjoyment from the system was significantly affected by the users’ perceived usefulness
(F(2, 60)=8.106, p=0.001). The results revealed that 97.8% of the participants would be willing

to train with the robot in the future because it had value for them, and they enjoyed the activity.

4.2.2.4 Intention to use
Most of the participants (76.6%, mean=2.69, SD=0.614) indicated in the questionnaires their

intention to use the system. More of the participants in the audio feedback group (80.6%)
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indicated their intention to use the system compared to participants who experienced audio and
visual feedback (72.7%). Regarding the feedback timing, more of the participants in the
continuous feedback group (80.6%) indicated it than participants who experienced discrete
feedback (71.4%). Regarding robot type, more of participants with Poppy robot (81.3%),
indicate their behavioral intention to use compared to participants who experienced Nao robot

(71.9%).

The behavioral intention to use the robot was significantly affected by the users’ enjoyment
(F(2,53)=7.421, p=0.001). Analysis of results revealed that 92.3% of the participants who

enjoyed the activity would like to exercise with the robot in the future.

4.2.3 Overall assessment of the participants’
interaction

71.88% of the users understood both robots (Poppy and Nao), while only 1 participant (3.13%)
did not understand the robots. 6.25% understood Nao better and /8.75% understood Poppy
better.

43.75% of the users would choose to use both robots while 9.38% would not choose any robot.

31.25% preferred to use Nao and 15.63% preferred Poppy.

62.5% of the users prefer that the system will provide continuous feedback while 37.5%
preferred discrete feedback. 72.2% of the users that experienced continuous feedback preferred
the system to provide continuous feedback while only 50% of the users that experienced

discrete feedback preferred continuous feedback.

90.63% of the users would like to train with the system while 9.38% would not.

4.3 Summary

The results revealed that the system fulfills the aim of motivating older adults to be more
engaged in physical exercises. 90.64% of the users indicated that they would like to train with
the robotic coach in the future. Most of the users perceived the system as very useful (77.9%)
and easy to use (835.9%). Most of them also had a positive attitude towards the system (86.3%)
and had the intention to use it (76.6%).

The summary of the objective measures are as follows:
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e Continuous feedback significantly increased positive attitude, better understanding, and
engagement. It also reduced the reaction time. However, the comfortability of the users
with discrete feedback was significantly better than with continuous feedback.

e The Poppy robot significantly increased the positive attitude of the participants
compared to the Nao robot. Poppy engaged the users significantly more than the Nao
robot. Additionally, Poppy increased the participants’ adherence to training almost
significantly. Poppy also increased the understanding of the system.

e Audio and visual feedback was significant as the preferred feedback mode with regards
to engagement, comfortability, and ease of use of the system. In addition, the persistence
and adherence to training with audio and visual feedback was higher than with only

audio feedback.

4.4 Discussion

The system can provide a verbal and visual form of feedback at different timings according to
the users’ performance. It commands the participants if they complete the exercises or not. It
can also count aloud as the participant undergoes each step of the exercises. Additionally, it can
give visual feedback which includes LED lights in the Nao robot and facial expression in the
Poppy robot’s’ screen. In cases where the user does not complete the exercise, the system gives

corrective feedback and asks if the user wants to redo the exercise.

4.4.1 Influence of the developed feedback on older
adults’ performance

The feedback that was given by the system helped the users understand the gap between their
intended and actual performance as described in the literature. They knew through the feedback

given if they did the exercises correctly and as expected.

Adding visual feedback, especially in the system that included the Poppy robot, helped the users
to understand better the feedback and the system. As described in the literature, part of the older
adults tends to be hearing impaired; therefore, a system that includes visual feedback helps the
older adults to understand the system even if they have hearing limitations and as a result don’t

hear the audio feedback.

In the session with the continuous feedback that includes counting, it was shown that it helped
part of the users keep track of the number of right steps and repetitions they had made. It was

observed from the videos that some of the participants with discrete feedback had a gap in their
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performance in the exercise. Some of the participants were unsure if they made the correct
movement and they were not confident about it. This correlates with the observations the
existing literature revealed. However, some noted that they preferred the system without
counting feedback. We assume that for those people, the counting along exercising it was
excessive feedback as observed in the literature. Continuous feedback provides better

understanding, enjoyment, and trust of the system by the users.

4.4.2 Influence of the developed system on users’
perception and interaction

Most of the users perceived the system as very useful, providing good motivation for future
development. The users believed that this system can be useful for them. The importance of
physical activity is well known for older adults and we observed that such a system can motivate

and help the users to be more active.

The change in heart rate is a common measure for evaluating comfortability in Human-Robot-
Interaction. However, in the current experiment since the exercises influence the heart rate due
to users’ effort and their level of physical activity its analysis is limited. This could explain the

reason why the change in heart rate was not significantly affected by the type of robot.

The users indicated that the system was easy to use. This seems to show that the visual feedback
in addition to the audio feedback helped the users better understand the system and what they

are supposed to do better. It reduced their reaction time and increased the persistence of training.

The attitude of the users for the system is positive, the users are engaged by the system. They
keep eye contact most of the time in the system. This confirms the literature which notes that
users attitude is influenced by the type of feedback (Mirnig et al., 2011). It is also noteworthy
that continuous feedback engaged the participants more than discrete feedback. The Poppy
robot also engaged the users more than Nao robot. We think that the facial expression on the
screen of Poppy has some influence on the positive perception of the users as seen in the
literature (Lang et al., 2009). Such facial expressions seem to make the robot’s behavior better
understandable (Van Breemen, 2004). In the research of Mirnig et al., 2014, it was also noted
that providing some facial expressions as feedback made the users consider the robot as more
attractive (Mirnig et al., 2014). Another reason might be the more technical look of the Poppy
versus the humanoid toy looking of the Nao robot. Continuous feedback was also observed to

improve the flow of interaction.
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Regarding the trust of the users in the system with Poppy, we think it might be because of the
shape of the poppy which includes observable robots and wires, that gives the users that it not
a toy while the Nao robot is more toy shaped. In addition, the continuous feedback is preferable
because it helps the users to receive indication through the exercise and not only at the end,

which increases the trust in the system.

Continuous feedback also improves the success rate and the enjoyment from the system.
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5 Conclusions and recommendations
5.1 Conclusions

The system fulfills the aim of motivating older adults to engage more in physical exercises. In
the experiment, the subjects engaged in the physical exercises with the aid of the robotic system
for 15 minutes in total. The participants used the system without problems, they understood
what they needed to do even though it was the first time they used the system or anything similar
to it. It improved their performance during the session. The participants indicated they are eager

to train with a robotic coach.

The exercises and the demonstrations were good and clear. The combination of the instructions
(given by human voice) and physically demonstration enabled the participants to understand
what they ought to do and how to do the exercise. This multimodal guide (visual and audial)
considered some of the perceptual limitations of the older adults such as a decline in audial or

visual acuity. It was therefore helpful for participants with hearing loss.

Most of the participants evaluated the robots as a good exercising coach and responded that
they enjoyed the interaction with the robot which they considered as a form of mutual training

for them and the robot coach.

Most of the participants were comfortable with the pace of the exercises. It is therefore

recommended that the pace should remain as it is.

The feedback was important to the participants, it made the interaction more fluent and nicer.

However, it is recommended that the feedback should be more accurate and informative.

In order to increase the variety in the sessions, it is also recommended that additional strength

and stability exercises should be added to the system.

The participants’ preference for Poppy seems to suggest that the embodiment and movement

of the robot influences users’ attitude, perception, and interaction with the robot.

The mode and timing of feedback influence the quality of users’ interaction with the robotic

coach in physical training.

We recommend the system for the personal use of older adults. The recommended use is at least

3 times a week.
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5.2 Limitations

Existing studies recommend that feedback should be adequate and informative. The
information content of the corrective feedback was minimal to avoid overloading the user with
information since literature confirms that it increases the cognitive workload of the user and
decreases performance. The information content explored in this study was therefore just in
relation to the number of times the user should perform the exercise and at the end of the

exercise (the robot congrats the user of asking him to redo the exercise).
In this research, there are several exceptions that our design could not overcome. These include:

e Variability in the participants — there is high variability in the personality differences of
older adults, and this has an impact regarding their preferences.

e Novelty effect — it was the first time that the users interacted with a robotic coach and
their assessments may change over an extended period of interaction.

e More assessments with the gaze monitoring system — this could be taken to improve the
accuracy of the gaze duration but was not taken in this study in order to avoid burdening
the participants.

e (Cognitive, hearing and vision condition of the participants — a standard assessment of
these measures were not taken. It is noteworthy that cognitive, hearing or visual
impairments can affect the interaction of the users with the robot and influence the

results. This could be considered for future studies.

5.3 Recommendations

There are several suggestions for future research to create a more interactive, effective and

enjoyable physical exercise robotic system for older adults.

e Improve the informational content of the feedback as recommended, more feedback
content options should be explored to improve the effectiveness, efficiency, and
enjoyment of the system.

e Improvement of the system should include more accurate and informative type of
feedback and new interactions and responses of the robot. Background music should
also be added.

e Adding difficulty levels for the users that will be adaptive according to the users'

performance and level.
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Additional exercises should be added to the system in order to increase the variety in
the sessions.

Long term study (several weeks/months) to examine satisfaction and usage over time.
This will reduce the novelty effect users experience in the first meeting a robot and will
provide a better assessment of the system.

More participants should be mended in further experiments in order to assess a wide
variability of preferences.

Evaluation of different older adults age groups and backgrounds.

Incorporating an emotion recognition learning algorithm in the system has the potential
to improve the system feedback. Such a learning algorithm for emotion recognition can
enable the system to classify the users’ emotion (bored, exhausted, fascinated, happy,
etc.) and thus provide better feedback with recommendations for improved performance
(more challenging exercises, games, etc.).

Incorporating an imitation learning algorithm as a mirror for the movements of the users
can provide a real-time assessment of the users’ performance. It can help the users see
the kind of movements they are making and guide them in improving those movements
if they are making a wrong movement. This has the potential to improve the feedback
because it will show the users what was wrong in their movements.

Adding a voice recognition algorithm has the potential to improve the communication
and the interaction between the robot and the user.

Using a different depth camera other than the Kinect has the potential to enable the
system to better detect and monitor users that are sitting. This can provide more diversity
of use because some older adults may not be able to stand for long or may prefer a sitting
posture for some exercises while some may be on wheelchairs.

Using the system in front of a group of users instead of as an individual trainer. This

can lead to higher motivation through the social interaction effect.
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7 Appendices
7.1 Preliminary study

7.1.1 Appendix A - BGU ethical committee

Name of Research Project: Developing a Physical Robotics System for Older Adults

Research Protocol:

The research protocol should contain a full description of the project stages that pertain to the
experimental method and all interaction with the human subjects. If the project contains a
series of experiments, describe the variations; also include description of type and number of
subjects and subject recruitment method. If this type of protocel is one commonly used and/or if
a similar protocol and methods have been used and published in the literature, please add
references indicating so. Please do not submit the complete project proposal that was submitted
to the funding agency, the protocel should be maximunm 2 pages long.

Purpose:

The aim of the experiment iz to examine the effectivensss of the system in motivating seniors to do

physical activity.

Subjects:

Participants will be seniors (older than 60) in good health. Participation in the research willbe ona

volonatary basis and will require signing an informed consent for approval. The recruitment will be

done by publishing advertisement (via university, social networks ete.) and invitation to contact the
-

Procedure:

At the recruitment stage participants will be asked regarding their health condition. Participants

whose health will not be good encugh will not be able to participate in the experiment.

In the beginning, the subjects will sign a consent form and fill a preliminary questionnaire which will

include details about their current health condition. Then, they will be aslked to fill few preliminary

questionnares (including demographic details, physical fitness level (an online questionnaire), TAP

(Ratchford & Bamhart, 2012) and NARS (Taylor Katz & Halpern, 2013). In addition, during the

experiment, the participant will be able to stop the experiment by raizing his hand or saying they want

to quit. In this case, the eperiementer will immediately stop the eperiement and approach the

participant for help and will ask him to sit down.

system how it workes and about the procedure of the experiment. First, the robot will introduce itzelfto

the participants and will provide them a brief explanaﬂnnnfﬁntrhmmg."

During the experiment. the robot will demonstrate the subjects some low-intnsity level phyysical

activity exercize (without asrobic activity) and the subjects will need to imitate the robot and repeat

the exercizes. The practice in front of the robot has no effort beyond the minimmm effort in terms of

cardiovascular endurance. The The excercizes will be of low-intenzity level like standing in the place

and raizing hiz hands to shoulders level, uses a chair as support and raizes his legs to the side. The

duration of each exercize will be up to 1 minutes. The total time of the whole session will be

maximum 13 minotes.

The robot will provide the subjects verbal feedback according to their execution.

During the experiment. there will be no physical contact between the subject and the robot. Therefore,

no risk will exist during the experiment.
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At the end of the training, subjective assessments will be conducted using questionnaires and
interviews. The subjective aszessment tools will be uzed to evaluate and identify dimensions of user
acceptance (or unacceptance of the technology), satisfaction and trust.

Measurements:
At the end of each scenario, subjective assessments will be conducted using questionnaires.

Feferences:

g Ratchford, M., & Bammhart, M. (2012). Development and wvalidation of the technology
adoption propensity ( TAP ) index_ Joumal of Business Research 65(8), 12091215,

- Tayler, P., Katz, I E.. & Halpern D (2013). Behaviour & Information Technology Attitndes
towards robots suitability for various jobs as affected robot appearance, (July 2014), 37-41.
physical  fitness  level — guestionnaire - hitpo/depts washinston edu'hpreiwp-

content/uploads/rapa 03 06.pdf

I. General

Name of Research Project: Developing a Physical Robotics System for Older Adults

To which agency is the proposal being submitted (or has been submitted): CDI

Principal Investigator/s (or academic supervisor/s):

Name: Yael Edan Name: Vardit Fleischmann

Department: IEM Department: IEM

Academic position: Prof Academic position:

University Telephone: 08-6472232 University Telephone:

Mobile Phone: 3683931-052 Mobile Phone:

University Email: yael@bgu.ac.il University Email: varditf@gmail.com
Other Email:

Other Email:

Name(s) of those conducting the research (if different from above):

Name: Omri Sarig Name: -
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Department: [EM Department: -
Academic position: Student Academic position: -
University Telephone: - University Telephone: -
Mobile Phone: 054-7418881 Mobile Phone: -

Email: sarigomr@post.bgu.ac.il Email: -

I1. Consent to Participate

1. Are the subjects able to legally consent to participate in the research? D>ves/ [ No

If you answered ‘No’ to question 1, complete section IIb

2. Will the subjects be asked to sign a consent form? D>Aves/ [ No

If you answered ‘No’ to question 2, explain here:

IIb: Subjects who cannot legally consent (minors, mentally incapacitated, etc.):

3. Will the subject's legal guardian be asked to sign a consent form? [ Jves/ [1No

If you answered ‘No’, to question 3, please explain here:

4. Will the subject be asked to give oral consent? [ Jves/ [INo
5. Are the instructions appropriate to the subjects' level of understanding? [ Jves/ [_INo
Comments:

6. If informed consent forms will be signed, how will the informed consent forms be

stored to ensure confidentiality? All signed forms will be saved in a locked cabinet.

I11. Discomfort:
7. Will the participants be subjected to physical discomfort? [ Ives/ No
8. Will the participants be subjected to psychological discomfort?: [ Ives/ No
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If you answered ‘Yes’ to question 7 or 8, add here a detailed explanation of the

circumstances:
IV. Deception
9. Does the research involve deceiving the subjects? [ Ives/ No

10. Is the decision on the part of the subject to participate in the study based on deception?

(For example, if they are informed of their participation only after the event.) |:|Yes / No

If you answered ‘Yes’ to question 9 or 10, add here a detailed explanation why deception

is necessary:

V. Feedback to the Subject

Note: Although feedback to the subject is recommended for al/ studies, it is required for studies that involve discomfort or

deception. Feedback entails providing the subject, upon completion of the experiment, explanation of the experiment and its

aims.
11. Will the subjects be provided with post-experiment oral feedback? D>Xyes/ [1No
12. Will the subjects be provided with post-experiment written feedback? D>Xyes/ [ No

If you answered ‘No’ to both questions 11 and 12, explain here:

VI. Compensation for Participation

13. Will the subjects receive compensation for participation? [ Ives/ No

Detail here the type and amount of compensation:

If you answered ‘No’ to question 13, explain the basis for participation: It will be

informed to the subjects that the experiment is performed volunteerly.

VII. Privacy:

14. Will audio and/or visual recordings be made of the subjects? D>ves/ [ No

a. Ifyes, are they informed of this fact in the informed consent form? Yes / |:| No

15. Will the data collected (apart from the informed consent form) contain identifying details about the

subjects? D>Xyes/ [ No
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a. If'the data contains identifying details, please answer here: (1) What steps will you take
to ensure the confidentiality of the information? (2) How will the data be stored? (3)
What will be done with identifying information or recordings of the subjects at the end
of the research? The only data which will contain identifying details (except from the
consent form) will be the audio and video files (of the participants while using the

system). All data files will be encoded by password and saved in the researchers' PCs.

VIII. Withdrawal from the Study:

16. Will subjects be informed that they may withdraw from the study at any time? D>Aves/ [ No

17. Will the subjects’ compensation for participation be affected if they withdraw from the study before

its completion? [ Jves/ No
a. Ifyes, are they informed of this fact in the informed consent form? |:|Yes / |:| No

IX. Research Equipment

18. Does the research entail the use of equipment other than standard equipment, such as computers,

video recording equipment? D>Aves/ [ No

19. If yes, does the equipment being used meet safety standard for use with human subjects?

Yes/ |:| No

Please specify which standards (include documentation where appropriate):

The robotic system will include Nao's robot version 5 or
6(https://www.ald.softbankrobotics.com/en/robots/nao), (which complies with the IEC/EN 60950
safety standard), and a Kinect camera(which complies with the ISO Standard 16331-1). The Kinect
will enable to analyze the movements of the subject and Nao will instruct and demonstrate the
exercises as their personal coach. In addition, we will use a simulator that will present on a screen and

will include a demonstration of Nao's robot.

Signatories:

Signature: Date: Name: Omri Sarig Position: Student
Signature: Date: 09/04/18

Name: Yael Edan Position: Professor
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This section is to be filled out by a member of the Human Subjects Research Committee only

Decision of the Committee:

Note: The decision of this committee pertains only to ethical considerations involved in the conduct of the research.

Request Number:

Request Sub-Number:

Title of Research Project:

Principal Investigator/s:

Approval for research: |:| Granted / |:| Denied

Comments to the researcher in the event that application has been denied:

Signature of committee:

Name:

Signature: Date:
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7.1.2 Appendix B — Pre-questionnaires

7.1.2.1 NARS questionnaire
Negative Attitudes toward Robots Scale (NARS)
Subscale [tem
S1: I would feel uneasy if I was given a job where I had to use robots.

Negative Attitude toward
Situations of Interaction

The word “robot” means nothing to me.
I would feel nervous operating a robot in front of other people.

with Robots [ would hate the idea that robots or
artificial intelligences were making judgments about things.
I would feel very nervous just standing in front of a robat.
[ would feel paranoid talking with a robot.
52: I would feel uneasy if robots really had emotions.

Negative Attitude toward
Social Influence of Robots

Something bad might happen if robots developed into living beings.

I feel that if I depend on robots too much, something bad might happen.

[ am concerned that robots would be a bad influence on children.
[ feel that in the future society will be dominated by robots.

53
Negative Attitude toward
Emotions in Interaction with Robots

I would feel relaxed talking with robots.*
If robots had emotions, [ would be able to make friends with them.*
I feel comforted being with robots that have emotions.”

(*Reverse Ttem)

7.1.2.2 TAP questionnaire

Table 1
EFA pattern matrix.

Item Component
1 2 3 4
1. Technology gives me mare control over my daily life. 85
2. Technology helps me make necessary changes in my life. B5
3. Technology allows me to more easily do the things | want to do at times when | want to do them. B4
4. New technologies make my life easier. 81
5.1 can figure out new high-tech products and services without help from others. .94
G, | seem to have fewer problems than other people in making technology work. 84
7. Other people come to me for advice on new technologies. 79
8. | enjoy figuring out how to use new technologies. a7
9, Technology controls my life maore than | contral technology. 85
10. I feel like I am overly dependent on technology. B4
11. The more [ use a new technology, the more | become a slave to it. .78
12. I must be careful when using technologies because criminals may use the technology to target me. 86
13. New technology makes it too easy for companies and other people to invade my privacy. B3
14, 1 think high-tech companies convince us that we need things that we don't really need. 69
Cronbach’s o B7 87 78 73

Mote: all loadings less than .30 are not shown,

7.1.2.3 Technology used questionnaire

1. Use a GPS system:

2. Use “self check-out” at stores:

. Deposit over $100 at an ATM:

. Video calling such as Skype:

. Voice over IP calling:

. Online data backup services:

N (O |~ (W

. Buy an item at a vending
machine or pay a parking meter
using your cell phone:
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7.1.2.4 Physical fitness level questionnaire
How physically activity are you? (Ref to http://depts.washington.edu/hprc/wp-

content/uploads/rapa_03_06.pdf - Mendeley stopped work)

7.1.3 Appendix D — Post-questionnaires

TABLE VI1I: Evaluations of the robot as an exercise coach

Question yes  mnot much no
Nao is a good exercise coach 17 I 0
Nao is a good motivator of exercise |8 ] 0
Recommend Nao to my friends 6 0 2
Exercise with Nao in the future 18 0 ]
Motivated to exercise with Nao 18 0 ]
I prefer to exercise with robol 18 0 ]

TABLE VIII: The social attraction

Question yes maybe no
Nao could be a friend of mine. E] 1] 0
I could spend a good time with Nao. 18 0 0
I want to spend more time with Nao 17 l ]

(Guneysu & Arnrich, 2017)

7.1.4 Appendix E — Post interview
Describe your experience while interacting with the system?
Was it good?
What part of it did you enjoy the most?
What would you like to improve?
What do you feel about the system feedback?
Are you interested in this system?

Do you think that using such a system, over time, can make you do more exercise?
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What do feel is the difference between training by a robot and training by a person? Pros & Cons

Which amount would you pay for the system?

What would you like to get from your system in addition?

Presenting NAO

What did you think of the robot?

What amount would you pay for the system with the robot?

7.1.5.1 Demographic

7.1.5 Appendix F — Preliminary questionnaires analysis

Table 8: Demographic participants

Table 9: Participants by education

Number Age Gender Native
Asterisked Language
4 67 Female English
5 67 Male Hebrew
6 75 Female Arabic
7 80 Male Arabic
8 85 Female Hebrew

11

73

Male

English

Education
High Master's
Other School | degree Ph.D
Amount 2 3 3 2
Percentage| 20% 30% 30% 20%
Table 10: Participants by native language
Native Language
English | Hebrew | Arabic
Amount 5 3 2
Percentage| 50% 30% 20%

Table 11: Participants by gender

Gender
Female Male
Amount 4 6
Percentage| 40% 60%
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7.1.5.2 Technology used

High Middle Low
Table 12: Participants technology used
Low Middle High 5 4
Amount 9 0 1 'g 5
Percentage| 90% 0% 10% = 6
< 7
©
2 8
o
©
o
11
7.1.5.3 TAP - Technology adoption propensity
Table 13: Participants technology adoption propensity
Low TAP
Mean 3.08
SD 1.4
2
GROUP 1 - Belief that e
technology provides =
increased control and %
flexibility in life. 5
5
o
4
7 5
GROUP 2 - Confidencein | &
one's ability to quickly [= 6
and easily learn to use = 5
new technologies, as well %
2 Q.
as a sense of being S
technologically £
[a
11
[l
© @
GROUP 3 - Being overly % -g
dependent on, and a E 3 5 4
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feeling of being enslaved
by, technology.

GROUP 4 - Belief that
technology increases
one's chances of being
taken advantage of by
criminals or firms.

Participant Number

Total

Participant Number
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7.1.5.4

NARS — Negative attitude toward robots scale

o+
c -
S1- Negative Attitudes | 8 &
. . S E
toward Situations B S
5 Z
o
NARS
2 8 Avg. 13.57
S2 - Negative Attitudes | & @
247 Te8 ) gs| 1 4 Std. 5.56
toward Social S € 6
- 3
Influence of Robots E z
d =
S3 - Negative Atti @
e | 2B s a5
toward Emotions in S €
Interaction with Robots | & Z
& T
% . 4 5
! 7
Total ;8 S
+ >S5
5 2
o
11
Table 14: Participants negative attitude toward robots scale
7.1.5.5 How physically active are you?
Under-active Under-active Active Active
-activ iv
Under- active| regular — light regular Moderate Moderate | Strength | Flexibility
activities = Vigorous
5 4
*OU-; o 6 7
= E 8
353 35
5 2 o
11
Precentage 10% 40% 20% 10% 20% 10% 50%

Table 15: Participants physically activity level
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7.1.6 Appendix G — Post questionnaires analysis

7.1.6.1 Evaluations of the robot as an exercise coach

Evaluations of the robot as an exercise coach

9
8
7
6
i}
& 5
2
0
£ 4
©
[« 9
3
2
, il HE NN =N =EE BN
1. Naoisagood 2.Naoisagood 3. L will 4. | will exercise 5.lam 6. | prefer to
exercise coach motivator of Recommend Nao with Naointhe motivatedto  exercise with a
exercise to my friends future exercise with robot
Nao

HYes ®WNo & NotMuch

Figure 19: Participants evaluation of the robot as an exercise coach

2. Nao is a good motivator of

1. Naois a good exercise coach exercise

mYes mNo m Not Much HYes HNo mNotMuch
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3. I will Recommend Nao to my 4. | will exercise with Nao in the
friends

HYes HNo = NotMuch

5. | am motivated to
exercise with Nao

HYes ENo ®Not Much

future

HYes HNo mNotMuch

6. | prefer to exercise with
a robot

mYes mNo m Not Much
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_7.1.6.2 The social attraction

The Social Attraction

0

1. Nao could be a friend of mine 2. | could spend a good time with 3.l want to spend more time with
Nao Nao

Participants
w IS v

o]

mYes mNo mNotMuch

Figure 20: Participants evaluation of the social attraction

2. | could spend a good time with
1. Nao could be a friend of mine Nao

HYes EMNo ®NotMuch

HYes EHNo M NotMuch
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7.1.6.3

Participants

O B N W B~ U1 O N 0 L

3. | want to spend more time with Nao

HYes HNo B NotMuch

Additional questions regarding the session

Did you enjoy the exercises The Robot Should Count?
session?

HYes HNo & NotMuch

Do you want this system?
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Did you enjoy the exercises session? The Robot Should Count?

mYes mNo mMNot Much

HYes M No

Do you want this system?

HYes HNo = NotMuch

7.1.7 Appendix H — Post interview — open coding
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7.1.8 Appendix I — Post interview — Axial coding
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7.2 Main study
7.2.1 Appendix J — BGU ethical committee

Research Protocol:

The rezearch protocol should contain a full dezcription of the project stages that pertain to the
experimental method and all interaction with the homan zobjectz. If the project containz a
zeriez of experiments, describe the variations; alzo mclude description of tyvpe and number of
zubjectz and subject recrofiment method. If thiz type of protocol iz one commonly uzed and/or if
a similar protocol and methods have been nzed and published in the literature, pleaze add
references indicating zo0. Pleasze do not submit the complete project proposal that was submitted
to the funding agency, the protocol should be maximum I page: long.

The axparimant already raceived parmizsion( Attached approved raquest). Thiz experiment diffarent
becanzs of itz include additional robot; "Poppy".

Purpoze:

The aim of the experiment 1= fo sxamine the effectivensss of the system in motivating seniors to do
Subjacts:

Participants will ke semiors{clder than 60) in good health. Participation m the research will ba on a
vohmtary basiz and will raquire signing an mformed consent for approval. The recritment will ke
done by 1zhing advertizement (via unrversity, social networks ete.) and mvitation to contact the

axpanmenters

Procedura:

At the recruitment stage, parficipants will be asked regarding their health condition. Parficipants
whose health will not be good enough will net be able to participate in the expenment.

In the begimming, the subjects will sign a conzant form and fill 2 preliminary questionnaire which wall
meclode details about thewr current health condiion. Then, thay wall be asked to fill few preloninary
guestionnaires (nchuding demographic dstals, physical fimess level (an online questionnairs), TAP
(Ratchford & Bamhart, 2012) and NARS (Tayler Katz & Halpem 2013). In addition, during the
expariment, the participant will be able to stop the experiment by raising hiz hand or zaying they want
to quut. In thiz case, the eperiementer will mmmediately stop the eperiement and approach the
participant for halp.

Before experimenting the uzs of the system on the subjects, the researcher will explain them about the
svatemn how 1t works and about the procadure of the experiment First, the robot will introduce itsalf to
the participants and will provide them a brief explanation of the traimmg.

subjects will need fo 1mitate the robot and repeat the exercizes. The excercizes will be of low-mtensity
level hke standing m the place and raismg hiz hands to shouldars leval uses a chair as support and
raizaz hiz lags to the side. The duration of each exercize will be up to 1 mmutes. The totzl time of the
whele sezsion will be 15 mmutes.

The robet will provide the subjects verbal feedback accordme to their execution.

Durng the experiment. there will be no phvsical contact batoraan the subject and the robot. Tharefore,
At the end of the traming, subjective azsessments will be conducted wsmg questionnaires and
intervisws. The subjective assessment tools will be uzed to evaluate and idenfify dimenszions of nser
acceptance {or unacceptancs of the tachnology), zatisfaction and trust.

Maasurements:

At the end of each scenanio, subjactive azseszments will be conducted usimg questionnairas.

Befarencas:

' Ratchford, M., & Bamhart, M. (2012). Development and validation of the technology
adoption propenzity { TAP ) index. Journal of Business Research, 63(8), 1209-1215.

. Taylor, P, Katz, I. E., & Halpern, D. (2013). Behaviour & Information Technology Attrtudes
towards robots sutabality for various jobs as affected robot appearance, (July 2014), 3741,

103



1. General

Name of Research Project: Developing a Physical Robotics System for Older Adulis

To which agency is the proposal being submitted (or has been submitted): CDI

Principal Investigator/s {(or academic supervisor/s):

Name: Yael Edan

Department: IEM

Academic position: Prof
University Telephone: 08-6472232
Mobile Phone: 052-3683931

University Email: yaeli@bgu.ac.il

Other Email:

Name: Vardit Fleischmann
Department: IEM

Academic position:

University Telephone:

Mobile Phone:

University Email: varditfi@ gmail com

Other Email:

Name(s) of those conducting the research (if different from above):

Name: Omri Sarig
Department: TEM
Academic position: Student
University Telephone: -
Mobile Phone: 054-7418881

Email: sangomr(@post.bgu.ac.il

Name: -

Department: -
Academic position: -
University Telephone: -
Mobile Phone: -

Email: -
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I1. Consent to Participate
1. Are the subjects able to legally consent to participate in the research? EYE& D No

If you answered "No’ to question 1. complete zection ITb

2. Will the subjects be asked to sign a consent form? E’Y&s I:l No
If you answered ‘No' to question 2, explain here:

IIb: Subjects who cannot legally consent (minors, mentally incapacitated, etc.):

3. Will the subject's legal guardian be asked to sign a consent form? I:lYesf I:l No

If you answered “No’, to question 3, pleasze explain here:

4. Will the subject be asked to give oral consent? OOves/ CINo
5. Are the instructions appropriate to the subjects’ level of understanding? Odves: CNo
Comments:

. If informed consent forms will be signed, how will the informed consent forms be

stored to ensure confidentiality? All signed forms will be zaved in a locked cabinet.

II1. Discomfort:

7. Will the participants be subjected to physical discomfort? I:lYes No
&, Will the participants be subjected to psychelogical discomfort?: DYEE E Nao

If you answered “Yez to question 7 or 8, add here a detailed explanation of the

circumstances: |
IV. Deception
9. Does the research involve deceiving the subjects? DYE& E No

10. Iz the decision on the part of the subject to participate in the study based on deception?
(For example, if they are informed of their participation only after the event.) I:l":.’es E No

If vou answered “Yes' to question 9 or 10, add here a detailed explanation why deception

is necessary:
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V. Feedback to the Subject

Hote: Although feadback to the subject 1= recommendad for all studies, it 15 required for studies that imvolve discomfort or
deception. Feedback entails providing the subject, upon completion of the experimant, explanation of the axpeniment and =

A1ms,

11. Will the subjects be provided with post-experiment oral feedback? Bves/ o
2. Wil the subjects be provided with post-experiment written feedback? Bdves/ [Ino

If vou answered “Wo' to both questions 11 and 12, explain here:

VI. Compensation for Participation

13. Will the subjects receive compenszation for participation? I:l‘f'es E No

Detail here the type and amount of compensation:
If vou answered “No® to question 13, explain the basis for participation: It will be
informed to the subjects that the experiment iz performed volunteerly.

VII. Privacy:

14, Will avdic and/or visual recordings be made of the subjects? ‘f'es I:l Mo
a. Ifves, are they informed of this fact in the informed consent form? E‘f’e& I:l Mo

15. Will the data collected (apart from the informed consent form) contain identifying details about
the subjects? E‘f’e& I:l Mo

a. If the data contains identifying details, pleaze answer here: (1) What steps will you
take to ensure the confidentiality of the information? (2) How will the data be stored?
{3) What will be done with identifying information or recordings of the subjects at the
end of the research? The only data which will contain identifying details (except from
the consent form) will be the andio and video files (of the participants while nsing the
aystem). All data files will be encoded by password and saved in the rezearchers' PCs.
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VIIL. Withdrawal from the Study:
16 Will subjects be informed that they may withdraw from the study ot amy time? [ ves/ [ ¥o

17, Will the subjects” compensation for participation be affecied of they withdraw from the study
befors it: complation? Cves ' Ere

2 Ifyes, are they informed of this fact in the informed consert form? e/ e

IX. Besearch Fquipment
18 Does the research entail the wse of equipment other than standard equipment, swch 23 compaters,

wideo recording equipment? E‘E’ﬁ DH-:-
158 Ifyes, does the equipment being nied mest safsty standard for uze with human subjects?
E‘E’ﬁ D Na

Please specify which standards (melude docmesntation where approgmiate):
The robotic syztam will inchuds Mao's robot & (hitps: o 2ld sofibankoebotics com/'en/robots ad),
(which complies with the IEC/EN §0050 safety standard), Poppry's robot which 12 desizned aza
resparch product, thus it does not have any specific safety standard document. The parts taken
indizidualty (electromics, serves...) have CE compliance and a Einact camera/which complies with the
150 Stamdard 16331-1). The Einact will enabla to analyze the movements of the subjact and Mao will
instract and demanstrate the egercises 23 their perzonal coach There is no phrysical coptact betwesn
the robat and the subject. The robot is positionsd 1.5 meter away from the participant In addition, we
will uze 2 2imualator that will present on a screen amd will inchde a demonstration of Mao's and
Poppy's robet.

Signatories:
Name: Yael Edan Position: Professor Name: Omri Sarig  Position: Student
Sipnature: Date Sipnature: Date 14103/19

B S P 5 0 P S A S S,

This sectizn i i Be filled oui by & mendar af dhe Hamnas Sehigcie Hescarch Canmnee anty

Decizion of the Committes:

Mate The deczsaon of this cemmilles perlins saly o sthical cormiderations wvalval in the conliclof ke rescarch

Fequest MNurnber:

Fequest Sub-Momber:
Title of Fesearch Project:

Principal Investizator's:

Approval for research; [ cranzed ¢ ] Devied

Conuments to the researcher in the event that applicztion has been darniad:
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7.2.2 Appendix K — Pre-questionnaires

TAP

Technology gives me more control over my daily life.

New technologies make my life easier.

| can figure out new high-tech products and services without help from others.

| enjoy figuring out how to use new technologies.

NP IWIN|[F

Technology controls my life more than | control technology.

NARS

| would feel relaxed talking with robots.

| would feel uneasy if | was given a job where | had to use robots.

The idea that robots can make judgments about things excites me.

| would feel very nervous standing in front of a robot.

Vi IWIN|F

| feel that if | depend on robots too much, something bad might happen.

7.2.3 Appendix L — Post trail questionnaires

Post Trail Questionnaires

| concentrated on the activity for the entire session

| was satisfied by the robot's performance during this activity.

| felt nervous during the activity

| would be willing to train with the robot again because it had value to me

| felt like | could really trust this robot

| put a lot of effort into this activity.

| understood the robot well during the interaction.

| felt comfortable during the interaction.

| Were eager to finish the exercises

| enjoyed the activity

| would like to exercise with the robot in the future

7.2.4 Appendix M - Final questionnaires

Question Answer

Should the robot count the exercise repetitions? Yes / No

Which robot did you understand best? Poppy / Nao / Both / None

Which system would you choose to use? Poppy / Nao / Both / None

I would like to exercise with the robot in the Yes / No
future.
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7.2.5 Appendix N — Preliminary questionnaires analysis

Table 16: TAP analysis

AVG | SD
80.65% | 6.45% | 12.90% | 4.0 | 1.20
32.26% | 25.81% | 41.94% 1.26
58.06% | 35.48% 6.45% 3.5 | 0.75
58.06% | 38.71% 3.23% | 3.54 | 0.65
Table 17: NARS analysis
AVG SD
12.90% 35.48% | 2.84 0.62
22.58% | 25.81% | 51.61% | 3.00 1.36
64.52% | 9.68% | 25.81% | 3.45 1.29
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7.2.6 Appendix O — Post-trails quest

Table 18: Subjective evaluation of the training
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Table 19: Subjective evaluation of the training - type of robot
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Table 20: Subjective evaluation of the training - mode of feedback
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Table 21: Subjective evaluation of the training - timing of feedback
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7.2.7 Appendix P — Final questionnaires analysis
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9.38%

Which robot did you understand Which system would you choose to
better? use?

313% 6.25%
. (]

B Both M None M Nao ® Poppy
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The robot should count?

m YES
u NO

| would like to train with the system in the future?

m YES
= NO
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The robot should count?
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118



XN

DN DY MNYH DX TYN DXINANN 2T .DPNN NYMN D) T MPNNA NYTY DLV DOWIUPN NODIVOIN
NAIVN NN DY DOPMNID NININ NYNNY OPNN MIINRY NNNN NN MDY 7D NN .OONNNY
NN NIYHINY TIPONI DT NAOYN NI ,G0N .DMNN2N NIAY NN PWAN ,PVINPN I8N NPHYY

MNNT NMZANNDT IR NV

NN TTIYD NPN NIIWNN NIVNI .DMMNNY SR JIRNI YHYN TUN VI NN INM DT PN
NIIWNN DMWY VNAD )N DTN DANNYNT NN NN VI .1 MDY TN YNID O*INNN
NMON1 . Kinect-n NNRoNN > HY IMIY 23 DXANNWNRN MYINID I -HY NNKN JITA JPNNI 22PN 2IVN NPIYN

.Python DAY NMVITYTI MDY XNV INTI IPNIN

PRINN NN Y2PY 17 WK ,Nao and Poppy ,0TX M7 DXVIAN NWN DXA97)10N DIYTHN DD w3
IOW MY XA DMK FTHY ,DOWANWNRT MOTYNY IIRN IWN IWNN JNN 1IN NN INNA 210N
MPNT TN HY  DXVIIIN MO NV PAONRNYA IPNN Y¥I2 ,q0N2 .NOWNN DY DNYY MNPRIVIND NN

DIND NP NMA NN MPAY VI NHN DY

TPXPRIVIN DY NNIYY 7T NI NDADA TIVIY ONYNIN MDA INNWYN ,85-67 YN ,D>IN2N NIVY
70 % D RO YININN VI NOPN APY Nao VIIN HY NVIDI YIDIY NYY) IWIRD DI NdPYIV
STPNYA NOIYNA WHRNWND ONIND DX WD DANNYNINN

YPTA) TIN-PA 7PN NONN .88-70 YNNI DXININ 32 YD JUN IWNN IPNN NYYI ONYRIN NDNY Tvnna
95 DY MNPRIVIN OMP INA DI .VIIN NV DIWNN DN ,IWNN PITN P DMZN dNYIN ONINWVNHM
MOP ,NOIWNN NPVIDY : PN DMONN DINWNN IPTI 1IWNHN MOTYM MXIPN 702 DXVIANINND THN
YOPMAIN JDIND DI DNNYNN .12 WHRNWND DNINT NOIWNN IN DIVHNYHN DY) NI YYD
NTTIVR NN D3NN DIWIR TV )R NPVINT NN DY ININIVIAN NN IR IPNNN ODVPIDY
P90 IPNNN G0N .DINABN NNNT MINIIAD NI TWUR NN MY ANV JIRNND O3ININN NN

3D NOIYNY 2IY NP

¥ 12VN DOXWHNYNN NN JIRNND DIND TTIYD NIVNN DX NRDNND NIIWNN 2D ININ NINHINND
MINNIND NI TIY .NA YHNYND 1IN NOIWNIN DX NXAVN DY DY PN LINIYY NOPY THOVINIY NOIYNN
YOINN IWNR DWNRNYN,q0N2 .Nao VIATIN IYRND DOVNPNYNI 27P2 1IN 27 PNY 7Y Poppy V1IN »
DXVNNYNY NIRNYNL VINOYD NP NOP NNMN D IMMPTI NOIYHNN TN I1ANDNN M2I1P) ORI 2IwN2a

72520 2WwN2 IOINNY

Poppy ,NAO ,Kinect ,0TN "7 01217 ,2IWN , 1IN MY , 0 ININ : NN M)

119



2552 199193712 NVIVININ
NOTINN 217 NVIPIN

DN NIVYIN NN NPOINNIN

DYIN2N HY NN PNIINY NPVIA NOIWN

NOTINA VDN ININ NP MWIITNN PON INNN MY NN

MAY-NIVIAN MINY : INN

YTIN DY MDA : NN

LA1/1272019.0pn 92NNN NNONN
..11/12/2019... 98N J ......?&..Q.%....D’mmm NN
7 ?A\ S
18/12/19 Z
..................... TIRD s LLTPAPONN MW ANIN DT 7P NN
2019 72nNT VYU 1Y

120



2333 195993 -)2 NOIVIIINN
013NN S¥1IY HOIPON

DN NIVYN NN NPOINNIN

DYIN2N HY NN NIINY NPVIA NOIWN

NOTINA HVO)HN ININ NOAPY MVOITNN PON MNNN NT NN

MAY-NIVIAN MINY : INN

YN DY 91099 : NN

2019 7anNT V’YYN 1H0O

121



